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MOS MEMORIES 


This book presents technical data for the broad line of Motorola MOS 
Memories. Complete specifications for the individual parts are provided in the 
form of data sheets. Additional sections are provided to include pertinent 
information on application ideas, reliability concepts and data, and interface 
components. This book will greatly simplify the task of aoe the best 
combination of circuits for optimum system architecture. 


The information in this book has been carefully checked and is believed to . 
be reliable; however, no responsibility is assumed for inaccuracies. Further- 
more, this information does not convey to the purchaser of microelectronic 
devices any license under the patent right of any manufacturer. 
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CHAPTER 1 — GENERAL INFORMATION 


INTRODUCTION 


Memories are among the most important parts 
used in digital data-processing systems. Com- 
pared with the total system components needed, 
their share is growing at a faster rate than any 
other single portion. One of the recent and most 
promising additions to the memory arsenal is 
semiconductor memories. Since their appearance 
in the late 60's, they have had increasing accept- 
ance all over the electronic industry. As a resuit, 
the semiconductor memory market is growing at 
a faster rate than other electronic market segments. 

This rapid rate of growth has been character- 
ized by a wide proliferation of memory compo- 
nents. The choice of the correct semiconductor 
memory for a particular application has become 
more difficult. The purpose of this data book is 
to assist the user in his decision-making process 
by making him familiar with Motorola’s large 
family of MOS Memories and their characteristics. 

In order to select the correct memory for his 
system, the user must be aware of many consider- 
ations. Among them are performance, power 
dissipation, memory density, interface require- 
ments and special applications. 


PERFORMANCE 


The performance of a memory is widely 
interpreted to mean the maximum access time or 
minimum write cycle time guaranteed by the 
device specifications. Since the speed of a circuit 
depends on the gain of the devices comprising 
the circuit, performance is a strong function of 
technology. !n general TTL, ECL ‘and other 
bipolar memories are the fastest devices, offering 
both. short access times and short write cycle 
times. An .example would be the MCM10144 
MECL RAM shown in Figure 1. . 

The device speeds of MOS memories, although 
not as fast as bipolar devices, have closed the gap 
considerably. For example, the 7001 RAM is 
fabricated with an N-Channel, charge-pump tech- 
nique, and has an access time considerably less 
than 100 ns. Figure 2 illustrates the typical access 
times currently achieved with various memories of 
the different technologies. 


POWER DISSIPATION 


MOS technology currently enjoys the position 
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of being the lowest consumer of power, with com- 
plementary MOS processes such as the McMOS 
process consuming the least. This is due to the 
nature of the insulated gate field effect transistor, 
as contrasted to bipolar techniques. 


For MOS designs, power dissipation is primarily 
a function of whether the circuit is static or 
dynamic. A static memory will retain data as long 
as power is applied since the memory array stores 
data by means of cross-coupled latches which 
draw dc power. As a result, the power dissi- 
pation for static memories is the same during 
Operation and standby conditions. (Although the 
7001 offers static operation, this memory is an 
exception and has low standby power because 
of the low charge-pump current and the fact that 
the 7001 has a clock.) 


Incontrast, dynamic memories. can be designed 
to use the clock input to drastically reduce power 
dissipation during standby. The MCM6604 RAM, 
for example, typically draws less than 1 mA during 
standby — the current required to maintain one 
active buffer to sense the low-level clock input. 
The MCM6605 RAM, which uses a high-level 
clock, consumes practically no power when the 
part is not operating. The only current is due 
to junction leakage and is typically a few 
microamperes. 


Power dissipated during standby is a.function 
of the duty cycle of the active refresh cycles 
which are required to maintain memory. The 
memory is stored dynamically on a capacitor 
comprised of PN junction capacitance, thin-oxide 
gate capacitance and parasitic capacitance. Because 
of the leakage. at the junction, data storage is 
temporary and the memory must be refreshed 
periodically to restore the decaying nodes to full 
voltage levels. Since memory chips are. designed 
and laid out in arrays, a chip can be refreshed by 
sequencing through the column addresses. The 
MCM6605, organized internally as 32 x 128, 
requires only 32 cycles for a refresh sequence. 
Assuming one cycle takes 500 ns and the time 
between refresh is 2 ms, the refresh duty cycle is 
1.25%. When the power is added, with 98.75% in 
standby .and 1.25% active, the total is still re- 
markably low — typically. 2.6 mW. 





MEMORY DENSITY 


One of the distinct advantages of MOS tech- 
nology is the packing densities achievable. More 
MOS devices can be packed into a given area than 
bipolar devices. !n addition, MOS processing tech- 
niques are more forgiving than bipolar techniques, 
allowing larger chip sizes. For both reasons, MOS 
packs more into.a chip, requiring far fewer chips 
per board or per system. 

MOS memory density can be further broken 
down into two parts: density achievable with bits 
per chip and density achievable with board area 
per chip. As for the first, dynamic memories 
allow more bits per chip for a given chip size than 
static memories. Therefore, dynamic MOS mem- 
ories are the most cost effective for bulk storage 
applications. 

The densities achievable at the board level 
depend not only on the bits per chip but on the 
size of the package as well. Clever circuit design 
has allowed pin. multiplexing and resulted in a 
16-pin 4096-bit memory. This package consider- 
ation allows the user to put more chips on a 
given board. 


INTERFACING REQUIREMENTS 


Since a memory requires certain timing and 
voltage levels at the pins of the device, interfacing 
requirements become very important and must be 
considered in final board density. Static MOS and 
bipolar memories are the easiest to interface within 
a system and therefore require the fewest number 
of interface parts. By contrast, dynamic mem- 
ories require clocks and refresh circuitry. Addi- 
tional interface parts are required to provide 
these functions. 

It is not automatically apparent which ap- 
proach will lead to the smallest board layout. The 
static MOS and bipolar memories do not have 
the per part storage capability of the dynamic 
MOS memories. Therefore, for even a modest 
board, the additional parts required for dynamic 
operation may be fewer than the additional parts 
otherwise required for memory capacity. Each 
user must determine the tradeoffs for himself. 

As another example of spacing and interface 
tradeoffs, the MCM6604 is packaged in a 16-pin 
case, which is considerably smaller than the 
22-pin case used for the MCM6605. However, the 
MCM6604 requires more interface parts than the 
MCM6605 to provide the extra clocks and circuit- 
ry required for address multiplexing. Here again, 
the size of the system will determine whether or 
not the additional! overhead devices will be smaller 
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than the area consumed by the 22-pin MCM6605. 

Input and output characteristics must also be 
considered. For example, CMOS devices operated 
at high voltage supplies need high level inputs. 
This will require a level translation from a TTL 
driver. As for outputs, there is a considerable 
difference between 3-state outputs, differential 
Outputs and open drain. outputs. The first is 
efficient for wire-ORing the parts on a bus. The 
second is fast but requires a sense amplifier. The 
last requires an external resistor. 


SPECIAL APPLICATIONS 


When a system has special requirements, the 
choice of memory becomes more limited. For 
example, high performance (50 ns) requirements 
can be met only by bipolar memories. Restrictive 
power requirements may dictate the use of CMOS 
memories. And microprocessor applications neces- 
sitate the use of 3-state output buffering. These 
considerations may dictate the choice of memory 
to be used. 

One special application which is becoming 
more important is that of microprocessor-oriented 
systems. in the past, semiconductor memories 
have been tailored to meet the requirements of 
mainframe, bulk storage and have been organized 
accordingly. {n the future, there will be a trend 
toward by 4, by 8 and by 16 output memories 
designed to minimize interface requirements in 
microprocessor applications. 


MOS — THE DIFFERENCE 


Each technology has its own particular advan- 
tages. Bipolar, for example, is fast. However, in 
almost every other area, MOS has the edge. MOS 
packing densities are greater, for example, pro- 
ducing physically smaller and cheaper systems. 
MOS power consumption is generally lower, with 
McMOS at the one end to provide ultra-low 
power consumption. MOS is lenient with voltage 
requirements, with CMOS again providing the least 
sensitivity and the most. noise immunity. And 
MOS is approaching bipolar even on speed. 

One of the greatest advantages of MOS is that 
its full potential has not yet been reached. Signi- 
ficant advances occur almost daily..And the limit 
to packing density has not yet been approached. 
MOS will become more and more dominant and 
its particular advantage of packing density com- 
bined with low power dissipation continues to 
make inroads into nearly all electronic appli- 
cations. 





FIGURE 1 — COMPARISON OF TYPICAL RANDOM ACCESS 


MEMORIES WITH DIFFERENT TECHNOLOGIES 


Power 
Dissipation 
Organization|Access|Cycle 


and Time | Time |Operating |Standby Supplies 


Refresh circuitry 


MCM6605 N-Channel 4096 x 1 210 | 490 335 
Dynamic 22 pin 
‘ CE clock driver 
7001 N-Channel! 1024 x 1 +15, ee TTL inputs 
Charge pump 22 pin Differential open drain 
; sense amp 
Charge pump oscillator 
CE clock driver 
MCM6810 {| N-Channel 128x 8 575 TTL inputs 
Static 24 pin TTL output 
MCM10144] ECL 256 x 1 : ECL inputs 
Static 16 pin ‘ ECL output (pulldown 
resistor) 
MCM14537 CMOS 256x 1 0.023 High tevel inputs 
Static 16 pin High level 3-state output 


FIGURE 2 — TYPICAL ACCESS TIMES FOR MEMORIES 
WITH DIFFERENT TECHNOLOGIES 
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Access Time 
Address 


ASCH 

Associative Memory 
Bit 

Byte 

Cache Memory 
CAM 


Capacity 


CARAM 
Cell 


Character Generator | 


Charge Pump © 


CMOS 

Cycle Time 
Driver 

DRO Memory 


Dynamic Memory 


Interface 


LSB 
LSI 
McMOS 


Mainframe Memory 


MECL 


MEMORY GLOSSARY 


Time between application of address and availability of data at the output 
(“read time’). 


(Noun) Code that identifies a specific location in a memory. (Verb) Selection of 
stored information for retrieval from a computer’s memory. 


American Standard Code for Information Interchange (eight bit code). 
Addresses the data actually stored in the memory, not the location (see ‘‘CAM"’), 
Acronym for Binary digiT (can be 0 or 1). 


A grouping of a conveniently smail number of adjacent bits that form a sub-unit. of 
information. Through common usage, a byte is usually defined as containing eight bits. 


High-speed, low-capacity memory; similar to “scratch pad memory’’, but with 
larger capacity. ; ; 


Content Addressable Memory. Retrieves information not by selecting a physical 
location, but by addressing the content (see ‘‘associative memory”’). 


Total number of bits that can be stored within a memory. Usually a power of 2 
(e.g. 210 = 1024, called “1K"). 


Acronym for Content Addressable Random Access Memory. 
Basic storage element to memorize one bit of information. 


Type of generator which creates letters, numerals, or symbols in desired sequence 
for any viewing medium. ROMs are commonly programmed to perform this function. 


Device based on a MOS transistor, where a small charge (current) flows from source 


- to substrate when a pump frequency is applied to the gate. Used as a constant current 


source to replace load devices in some memory cells. 


Complementary MOS; circuit with both P- and N-Channel FETs on the same 
MOS wafer. 

Also called read-write cycle time. Measure of how long it takes to obtain information 
from a memory and then to write back information into the memory. — 


Device that can be controlled with normal logic levels, while its output is capable of 
sinking or sourcing high current (driving heavy capacitive loads). 


Destructive Read-Out memory, in which reading the contents of a storage cell 
destroys the contents of that location. , 


Fast memory where the parasitic capacitance of MOS-FET gates within a storage cell 
is used for temporary storage of information. Due to junction leakage currents this 
is possible for only a finite time. Prior to the loss of data the information must be 
refreshed by some electrical methods. 


Circuit to provide compatibility between systems with different logic levels or 
operating voltages. 


Least Significant Bit; the lowest weighted digit of. a binary number. 
Large Scale Integration. 
Acronym for Motorola Complementary MOS. Trademark. 


The main working memory of a data processing system. Has medium storage capacity 
(up to 128K bytes). . 


Acronym for Motorola Emitter Coupled Logic. Trademark. 
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MOS 

MSB 

Ms! 

MTBF 
NDRO Memory - 
NMOS 


Organization 


PMOS 
RAM 
Random Access 


Read Time 


Read/Write Memory 


Refresh Cycle 
Reliability 
ROM 

SAM 


Scratch Pad Memory 


Shift Register 


Static Memory 


Threshold Voltage 


Volatility 
Word 
Write Time 


Metal Oxide Semiconductor, usually refers to the insulated gate FET. 
Most Significant Bit; the highest weighted digit of a binary number. 
Medium Scale Integration. .- 

Mean Time Before Failure. 


Non, Destructive Read-Out Memory, where the read operation does not cause the 
storage cell to lose the stored information. Most semiconductor memories are of 
this type. 


N-Channel Metal Oxide Semiconductor. MOS-FET where negative charge carriers 
(electrons) are used for operation. 


Indicates how the storage cells are organized within the memory. Expressed in 
“words by (bits per word)’’. (e.g., 4096 x 1 = 4096 words of one bit per word; 
64 x 4 = 64 words of four bits per word, etc.) 


P-Channel Metal Oxide Semiconductor. MOS-FET where positive charge carriers 
(holes) are used for operation. 


Random Access Memory (read/write memory). Stored information is immediately 
available when addressed, regardless of the previous memory address location. 


The memory words can be selected in any order; access time is independent of 
storage cell location. 

Time between application ‘of read control (and address) and availability of data at 
the output. More commonly called ‘‘access time”. 


A memory in which the stored data is available at any time and can be changed in 
normal system operation. Also called a Random Access Memory (RAM). 

The time required for the process used to keep data stored in dynamic memory. 

The measure of a device's ability to function without failure over a period of time. 
Read-Only Memory, permits the reading of predetermined pattern of-bits. - 


Acronym for Sequential Access Memory. The memory words are selected in a fixed 
order. See Shift Register. 


An array of storage elements used where a small amount of data is temporarily stored 
and must be available promptly when needed. Very high speed. 


Digital ‘storage circuit which uses a chain of flip-flops to shift data from one flip-flop 


to its adjacent flip-flop on each clock pulse. A read/write memory with sequential 
access (‘‘SAM"’). 


A memory which needs no “refresh cycle’ to keep the data stored. Simple operation 
and less control circuitry, but usually slower than dynamic memories. 


The condition at which conduction between source and drain of enhancement 
mode MOS-FETs is initiated. 


Stored information is lost in case of power shut-down. 


Set of bits, usually 8, 12, 16, 24, 32, etc.; treated as a unit. A word may contain one 
or more bytes. 


-Time needed to store information safely into the memory, after presence of data 


input, write control and address. 
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UNDERSTANDING MOTOROLA'S DEVICE NUMBERING SYSTEM 


The device number of Motorola integrated circuit memories gives some information about device function - 
and characteristics. The MCM prefix stands for Motorola integrated Circuit Memories. This is followed by a 
four or five digit number which denotes a specific memory function and set of characteristics. The suffix 
contains information on circuit redesign, speed categories, package type, and/or allowed temperature range: 
The convention differs somewhat between the suffix for a McMOS MC14500 series memory and other MOS 
memories, as shown in the following examples: 


Example 1 — NMOS Memory 


MCM6605AL1 
hes 1 indicates the fast version. 


The L indicates a ceramic dual in-line package is used. (A P suffix would 
indicate plastic. ) 


The A indicates that the device is an improved version of the MCM6605. 


Example 2 — McMOS MC14500 series Memory 
MCM14524AL 


The L, as with NMOS, indicates ceramic dual in-line package. (P would 
indicate plastic.) 


The A indicates a full temperature range part (-55 to +125°C). A C suffix 
would indicate limited temperature range (-40 to +85°C), 












M ACCESS MEMORIES 





Random Access Memories are useful wherever temporary storage is required. 
They find application in large mainframe memory systems, minicomputers, and con- 
ventional digital control circuits. 

_ RAMs which are specifically intended for use with the M6800 Microcomputer 
Family are shown in Chapter 4. : 





Access Power 
Time Supplies 
(ns max) (v) 


Description Organization 


SILICON GATE NMOS 


MCM2102 1024 
MCM2102-1 1024 
MCM2 102-2 1024 


MCM2102A* 1024 
MCM2102A2* | 1024 
MCM2102A4* | 1024 


MCM2111A 1024 
».MCM2111A2 1024 
" MCM2111A4 1024 


MCM2112A 1024 
MCM2112A2 1024 
MCM2112A4 1024 


MCM6604 4096 
MCM6604-2 4096 
MCM6604-4 4096 


MCM6605A 4096 
MCM6605A1 4096 


1024x1 
1024 x1 
1024 x1 


1024 x 1 
1024 x 1 
1024 x1 


620, 648 
620, 648 
620, 648 


620, 648 
620, 648 
620, 648 


680, 707 
680, 707 
680, 707 


620, 648 
620, 648 
620, 648 


690, 648 
690, 648 
690, 648 


677, 708 
677, 708 
677, 708 


Static 
Static, High Speed 
Static 


Static, Verv High Speed 
Static, Very High Speed 
Static, Very High Speed 


Static, Common 1/O and Output Disable 

Static, Common !/O and Output Disable 

Static, Common 1/0 and Output Disable 

Static, Common 

Static, Common 

Static, Common 
4096 x 1 
4096 x 1 
4096 x 1 


4096 x1 


+12, +5, -5 
+12, +5, -5 
+12, +5, -5 


+12, +5,-5 
Dynamic 4096 x 1 +12, +5, -5 
MCM6605A2 4096 Dynamic 4096 x 1 200 +12, +5, -5 


6384 
METAL GATE CMOS 


Dynamic 





MCM14505A 
MCmM14505C 


MCM14537A 
MCM14537C 


MCM14552A 
MCM14552C 


*To be announced 


Static, 
Static, 


Static, 
Static, 


Static, 
Static, 


~55 to +125°C 
-40 to +85°C 


-55 to +125°C 
~40 to +85°C 


~55.to +125°C 
~40 to +85°C 


2-2 


+3 to +18 
+4.5 to +16 


+3 to +18 
+4.5 to +16 


+3 to +18 
+4.5 to +16 


690 

690 

684 
684, 709 








MCM2102L/L1/L2 
MCM2102P/P1/P2 


1024-BIT STATIC RANDOM ACCESS MEMORY MOS. 


The MCM2102 is a 1024-bit random access memory fabricated co : 
with high-density, high-reliability, N-channel, silicon-gate technology. NERA NNER SILC COAT! 
For ease of use, the device operates from a single power supply, is 

directly compatible with TTL and DTL, and requires no clocks or 1024-BIT STATIC. 
refreshing because of static operation. RANDOM ACCESS 


@ 1024 Word by 1 Bit Organization MEMORY 
@ Access Time = 500 ns (MCM2102L1/P1) 
650 ns (MCM2102L2/P2) 
1000 ns (MCM2102L/P) 

Low Power Dissipation — 150 mW Typical 
Static Operation ; 
‘Single +5-Volt Supply 
Direct TTL/DTL Compatibility 
Three-State Output 
Chip Enable for Memory Expansion iestipRix 
Cost Effective Data Storage ; ; CERAMIC PACKAGE 

: CASE 620 


ABSOLUTE MAXIMUM RATINGS! (Referenced to Vg) 
P SUFFIX 


Symbol 3 7 ar riee 
Supply Voltage -0.3 to +7.0 CASE 648 
[Input Voltages -0.3 to +7.0 a 
Operating Temperature Range 
Storage Temperature Range ~55 to +150 ae 
PIN ASSIGNMENT 


Note 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
‘exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. 


BLOCK DIAGRAM 


Memory 
Matrix 
32 x 32 


R/W) 3.0- { Column I/O Circuits if 012 Data Out 


“Column Select 


Data In11 
; CED NEE CN HS A 
Vec = Pin 10 
Vss=Pin 9 This device contains circuitry to protect the 
inputs against damage due to high. static volt- 
; ages or electric fields; however, it is advised that 
16° 15 normal precautions be taken to avoid applica- 
AG A7. AB tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


CE 130 
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MCM2102 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vso). 


Symbol 
Supply Voltage 


input Low Voltage’ 
Input High Voltage 


DC CHARACTERISTICS 











Characteristic 


Input Leakage Current 
(All tnputs; Vin = 0 to 5.25 V) 


Pin 
ae 
Output Leakage Current (Three-State} ao 
(CE = 2.2 V, Vout = 0.4 to 4 V) 
Output High Voltage ea as 
(gH = -100 nA) 
Output Low Voltage fone 
(Igy = 1.9 mA) 
Power Supply Current ee iy 
(Ta = 0°C, Vec = 5.25 V) 
CAPACITANCE (Periodically sampled rather than 100% tested.) 
Characteristic 


Input Capacitance 
(Vin =O V, f= 1.0'MHz, Ta = 25°C) 


Output Capacitance 
(Vout = 0 V, f = 1.0 MHz, Ta = 25°C) 





PACKAGE DIMENSIONS 





CASE 620-04 CASE 648-03 








ay ee oe ae eis 


SEATING 
PLANE 





MILLIMETERS aon] 
DIM [MIN | MAX 






NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

- DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 





[MILLIMETERS] INCHES | 
NOTES: [Min [Tmax | min | mM 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 
2. PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 
3. DIM “A” AND “8B” DO NOT 
INCLUDE GLASS RUN-OUT. 
4. DIM “L” TO INSIDE OF LEADS 
(MEASURED 0.51 mm (0.020) BELOW 
BODY) 
































n 


















































2S l xe [la] njole|a| > 
T 











0.38 | 0.005 | 0.015 
0.76 | 0.020 | 0.030 











2) C2 ella | — ie la|nioic 





MCM2102 (continued) 


AC CHARACTERISTICS 
{All timing with t, = t¢ = 20 ns; Load = 1 TTL MC7400 Series Gate, Cy, = 100 pF) 


READ CYCLE 
Characteristic 


Read Cycle Time 
MCM2102L and MCM2102P 
MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 
Chip Enable to Output Delay 
MCM2102L and MCM2102P 
MCM2102L1 and MCM2102P1 


MCM2102L2 and MCM2102P2 


Output Data Valid Time 
Data Hold Time from Address 


Data Hold Time from Disable 


Read Access Time 
MCM2102L and MCM2102P 
MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 
[| Min 





WRITE CYCLE 


Write Cycle Time teyc(W) ns 
MCM2102L and MCM2102P 1000 
MCM2102L1 and MCM2102P 1 ; 500 
MCM2102L2 and MCM2102P2 : 650 
tas ns 
200 
: 150 
200 
tCES ns 
900 : 
400 
550 
tw ns 
A eee IRE nl Ke ee 

















Address Setup Time 
MCM2102L and MCM2102P 

MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 


Chip Enable Setup Time 
MCM2102L and MCM2102P 

MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 


Write Pulse Width 
MCM2102L and MCM2102P 
MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 


Write Recover Time 


Data Setup Time 
MCM2102L and MCM2102P 

MCM2102L1 and MCM2102P1 
MCM2102L2 and MCM2102P2 


Data Hold Time 































FIGURE 1 — READ CYCLE TIMING* 








be Teyc(R) 

Address Address 

Chip Enable Chip Enable 
tTDHD 

Data Out ; 
Read/Write 

*R/W = Vin fora Data In 

Reed GYsle. YZZZL = Don't Care 
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MCM2102 (continued) 


TYPICAL CHARACTERISTICS CURVES 


FIGURE 3 — ACCESS TIME versus Vcc 







































1000 
900 
800 
z 
re 700 
fa 
% 600 
vi 
a] 
< 500 
‘3 
as | te 
200 
3.0 40 5.0 6.0 7.0 


Voc, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 5 — Icc SUPPLY CURRENT versus Vcc 




















MCM2102L2,P2 











icc, SUPPLY CURRENT (mA) 


102L,P 





———— 














3.0 5.0 6.0 


Voc, POWER SUPPLY VOLTAGE (VOLTS) 


7.0 
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FIGURE 4 — ACCESS TIME versus AMBIENT TEMPERATURE 






























































































1000 
Vee = 4.75 V 
900 | 
800 
w 700 
= 
fas 
” 500 MCM2102L2,P2 
3 
< 500 
* 400 Mcm2102L1,P1 
300 
200 
0 10 20 30 40 50 60 70 ~—«80 
Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 6 — Icc SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 
60 
Voc = 5.25 V 
+ 
= 50 aioe ieee eed 
= 
z 
ua 
c 
ES MCM2102L1,P1 
3 40 
> 
a 
& 02L.2,P2 
= is 
a 
S 30 
. MCM2102L,P 
20 




















20 
Ta, AMBIENT TEMPERATURE (°C) 


30 40 50 60 70 80 


MCM2102A L/L2/L4 
MCM2102A P/P2/P4 


Product Preview 


1024-BIT STATIC RANDOM ACCESS MEMORY 


MOS 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


The MCM2102A is a 1024-bit random access memory fabricated 
with high-density, high-reliability, N-channel, silicon-gate, depletion- 
load technology. For ease of use, the device operates from a single 
power supply, is directly compatible with TTL and DTL, and requires 
no clocks or refreshing because of static operation. 


1024-BIT STATIC 
RANDOM ACCESS 
MEMORY 





1024 Word by 1 Bit Organization 
Access Time = 250 ns (L2,-P2) 
350 ns (L, P) 
450 ns (L4, P4) 
Low Power Dissipation 
Static Operation 
Single +5-Volt Supply 
Direct TTL/DTL Compatibility 
Three-State Output 
Chip Enable for Memory Expansion 
Cost Effective Data Storage 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
BLOCK DIAGRAM 


PIN ASSIGNMENT 


R/W 30 Column 1/O Circuits 012 Data Out 
Data in 110 Column | Column setect | 
a ae 


Vec = Pin 10 


CE 130 Vss =Pin 9 


16 15 14 
AB A7 AB AV 


oan ook WN + 





This is advance information and specifications are subject to change without notice. 
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MCM2102A (continued) 


PACKAGE DIMENSIONS 


CASE 620-04 PS CASE 648-03 





— 





p SEATING 
PLANE 


[J 


ls —teb- L SEATING 4, L 


ana LY MILLIMETERS NOTES: 
NOTES: 1, LEADS WITHIN 0.13 mm 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS Fa faovetatartaas fe 0.840 (0.005) RADIUS OF TRUE 


OF TRUE POSITION AT SEATING PLANE POSITION AT SEATING 


| B | 6.10 | 
AT MAXIMUM MATERIAL CONDITION. ; BBG BE 2 TOE | PLANE AT MAXIMUM 
2. PKG. INDEX: NOTCH IN LEAD Pa Mauer nore nen MATERIAL CONDITION. 


3. DIMA" AND "8 DONOT 0.080] 2. DIMENSION “L” To 


CENTER OF LEADS 
INCLUDE GLASS RUN-OUT. . 0.100 BSC 

4. DIM “L” TO INSIDE OF LEADS ; yw | 1.32] 1.83 | 0.052 | 0.072 ee 
(MEASURED 0.51 mm (0.020) BELOW pa azn bat 0.30 7.08 2.012 


BODY) 
ae raat [0300] 
M ss 10° 10° 
1.02 | 0020 0.040 
Pepe ae Poo 0.015 
| a | 0.57 | 0.76 | 0.020 | 0.030 |. 





























- Advance Information © 


‘256 X 4-BIT STATIC RANDOM ACCESS MEMORY 


The MCM2111A is a 256 x 4-bit random access memory fabri- 
cated with high-density, high-reliability, N-channel, silicon-gate tech- 
nology. For ease of use, the device operates from a single power 
supply, is directly compatible with TTL and DTL, and requires no 

“clocks or refreshing because of static operation. 
@ 1024 Bits Organized as 256 x 4 
@ Access Time = 250 ns (L2/P2) 
= 350 ns (L/P) 
: = 450 ns (L4/P4) 

Static Operation (No Clocks or Refreshing Required) 

Single +5-Volt Supply 

Direct TTL/DTL Compatibility 

Three-State Output 

‘Output Disable 
Chip Enable for Memory Expansion 
Cost Effective Data Storage 


ABSOLUTE MAXIMUM RATINGS] (Referenced to Vgs) 


Cc 
Cc 


Vcc 
Vin 
“Note 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voltages 
for extended periods of time could affect device reliability. 


BLOCK DIAGRAM 


Vec= Pin 18 
Memory Vgg = Pin 8 
Row Matrix 
Select 32 x 32 


Column . 
~ Select 





This is advance information and specifications are subject to change without notice. 
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MCM2111A L/L2/L4 
MCM2111A P/P2/P4 


MOS 


(N-CHANNEL, SILICON-GATE) 


256 X 4-BIT STATIC 
RANDOM ACCESS MEMORY 


with Common Data Inputs/Outputs 
and Output Disable 





L SUFFIX 
CERAMIC PACKAGE 
CASE 680 


P SUFFIX 
PLASTIC PACKAGE 
CASE 707 


PIN- ASSIGNMENT 


1 
2 
3 
4 
5 
6 
7 
8 
9 


This device contains circuitry to protect the 
inputs against damage due to high static. volt- 
ages or electric fields; however, it is advised that. 
normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 





MCM2111A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vss). 


’ Supply Voltage 


Input Low Voltage 
Input High Voltage 
DC CHARACTERISTICS 


Pp Characteristic Symbol _ | 


Input Leakage Current 
(All Inputs; Vin = 0 to 5.25 V) 
1/O Leakage Current (Three-State) Ly 10 


(GE = 2.0 V, Vout = 0.4 to 4 V) 


| 0.3 | 
[20] 
aaa 
Output High Voltage . 
(loy = -150 2A) : 
ee 





Power Supply Current 
(Tp = 0°C, Voc = 5.25 V) 


CAPACITANCE (Periodically sampled rather than 100% tested.) 
Characteristic 





VOH 
Output Low Voltage VoL 
(lop = 2.1 mA) 


Input/Output Capacitance 
(Vi/o =.0 V. f = 1.0 MHz, Ta = 25°C) 


Input Capacitance, Other Inputs 
(Vin = 0 V, f = 1.0 MHz, Ta = 25°C) 





AC CHARACTERISTICS 
(All timing with ty = t¢ = 20 ns; Load = 1 TTL MC7400 Series Gate, C_ = 100 pF) 
READ CYCLE (input pulse levels = 0.8 V to 2.0 V) j 


MCM2111AL2, P2 
Characteristic Symbol 


a 
[Output Enebiewe OutnurDwey | toe | 
[Bae Hoid From Daabie [ton | 
[oa Horomwrte | tonw | 
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MCM2111A (continued) 


FIGURE 1 — READ CYCLE TIMING 






teye(R) 





ces, cts ZL - | 
owe TOLL a ZZ 


Ot LYMLLLLLLLLLLLLLLLLLLLL OPE EL NS eee | 
Rw ers) 









to HW |< 


VSM SSLL/, 





FIGURE 2 — WRITE CYCLE TIMING 


1.5V 


tas |-—_— $a FS i |e ty 


CE1, CE2 ia v 
ut ut 
isabie 


1.5V 
tawR 
two 


LLL ae LLL 
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MCM2111A (continued) 


CIRCUIT DESCRIPTION 


The MCM2111A memory matrix consists of 1024 static 
storage cells. The matrix is separated into four 256-bit 
memories operated in parallel to produce 256 4-bit words. 
A particular word is selected by a 1-of-32 (A0-A4) row 
address and a 1-of-8 (A5-A7) column address. 

_ The I/O data lines are multiplexed to serve as data inputs 
during write cycles and as data outputs during read cycles. 
Aread cycle is defined by the overlap of CE1 = CE2= Vj, 
OD = Vii, and R/W = Vj. During this time, the 1/O ports 
will act as active outputs. A write cycle occurs at the 
overlap of CE1 = CE2 = Vit and R/W = Vj_. The I/O 
ports will be high impedance and data can easily be 
written in. : 

When CE1 or CE2 = Vj, the chip is disabled; the 1/O 
ports will be high impedance and data presented to these 
pins will be ignored. This feature of the MCM2111A allows 
wire-ORing of the part. 


READ CYCLE . 
During a read cycle, the MCM2111A will drive the four 
1/O .ports to. their correct levels, as defined by the data 
stored at the address given. A series of successive read 
cycles may be performed holding CE1, CE2, and OD at 


Vit and R/W at VjH. In this case, the data out is valid 
tacc Nanoseconds after the change in address. Alternatively, 
the address may be applied with the chip deselected. In 
this case, valid data will occur tcQ nanoseconds after the 
last CE = Vi, and tog nanoseconds after OD = Vj,. 


WRITE CYCLE 

During a series of write cycles, CE1 and CE2 may ‘be 
held at Vii. However, R/W must be strobed according to 
the timing diagram. The minimum address setup time, 
tAS, must be observed. 

In order to write data into the MCM2111A, the !/O 
buffers on the chip should be high impedance. OD = Vjy 
may be used for this purpose as shown in the Write Timing 
Diagram, maintaining the !/O buffers in three-state for the 
entire cycle. However, OD need not be used and can remain 
at Vii. In this case, the !/O buffers can become active 
during the time between CE1 = CE2 = Vi, and R/W = 
Vit (tw). The buffers will remain active for tpHyw nano- 
seconds after the R/W = Vit transition. Therefore, the 
1/O buffers will be in the three-state condition only for a 
guaranteed tw - tps - (tpHw max) nonoseconds before 
input data must be valid. 





PACKAGE DIMENSIONS 


TI 
[a 


im 


TTT 4 
iii 


SEATING PLANE 





jame- 


i: 
\ 
a 
\ 
, N 





lie 









































= 0° 
1.02 [1.52 








CASE 680-04 


OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. NOMINAL DIM FROM CENTER OF LEADS 
PARALLEL TO DIM “L" JS 7.62 mm (0.300"). 


al ae 
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aes 


™—M 



































ge 
0.020 


0.51 | 1.02 


CASE 707-01 


Jal 


Advance Information | 


256 x 4-BIT STATIC RANDOM ACCESS MEMORY 


The MCM2112A is a 256 x 4-bit.random access memory fabricated 
with high-density, high-reliability, N-channel, silicon-gate technology. 
For ease of use, the device operates from a single power supply, is 
directly compatible with TTL and DTL, and requires no clocks or 
refreshing because of static operation. 


@ 1024 Bits Organized as 256 x 4 
@ Access Time = 250 ns (L2,P2) 
350 ns (L,P) 
450 ns (L4,P4) 
Static Operation (No Clocks or Refreshing Required) 
Single +5-Volt Supply. 
Direct TTL/DTL Compatibility 
Three-State Output 
Chip Enable for Memory -Expansion 
Cost Effective Data Storage 


ABSOLUTE MAXIMUM RATINGS1 (Referenced to Vgs) 


Symbol Uni 
-0.3 to +7.0 


Rating 
Supply Voltage 
Input Voltages 
Operating Temperature Range 


“65 10 +150 


Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to higher than recommended voitages 

’ for extended periods of time could affect device reliability. 


Ve 
Bc 
io 


Storage Temperature Range 


BLOCK DIAGRAM 


Vv = Pin 16 
Memory ce 
Matrix 
32 x 32 


Column 
Select 


Vssg = Pin 8 





This is advance information and specifications are subject to change without notice. 
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MCM2112AL/L2/L4 
MCM2112A P/P2/P4 


MOS 


(N-CHANNEL, SILICON-GATE) 


256 x 4-BIT STATIC 
RANDOM ACCESS 
MEMORY 


with Common Data Inputs/Outputs 


L'SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN ASSIGNMENT 


1 
2 
3 
ok 
5 
6 
7 
8 


This device contains circuitry to protect the 
inputs against damage due to high static voit-.. 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tion of any voitage higher than maximum rated 
voltages to this high impedance circuit. 





MCM2112A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC.OPERATING CONDITIONS (Referenced to Vso). 


Parameter 


Supply Voltage 

Input Low Voltage 

Input High Voltage : 

DC CHARACTERISTICS 





Characteristic » Symbol 


Input Leakage Current 
(All Inputs; Vin = 0 to 5.25 V) 


} 1/0 Leakage Current (Three-State) 
(CE = 2.0 V, Vout = 0.4 to. 4 V) 


Output High Voltage : : 
(lon = -150 uA) , : 


Output Low Voltage 
“(lot = 2.1mA) 


Power Supply Current 
(Ta =.0°C, Vec = 5.25 V) oe 





CAPACITANCE (Periodically sampled rather than 100% tested.) 


: : Characteristic 


Input/Output Capacitance Ci/o 
(Vij =0V, f = 1.0 MHz, Ta = 25°C) 
Cin 


Input Capacitance, Other Inputs 
(Vout = O-V, f = 1:0 MHz, Ta = 25°C) 





AC CHARACTERISTICS 
(All timing with t, = t¢ = 20 ns; Load = 1 TTL MC7400 Series Gate, C__ = 100 pF) 


READ CYCLE (Input pulse levels = 0.8 V to 2.0 V) : 
movatiny [wenmraara] WenETTALaray 
ae See ee ee 
[Ea a EY AE 
| hip Enatie ro OuipuDaay tr) 
Date Heid rom dere. | own] 0] 
EO 
| 0 | 


Data Hold from Disable | toHD | 
Data Hold from Write 

















Chip Enable Pulse Width : tee eo 
has Setup Tine ts 
| AddresstoWrite Release | tawr | 350 

Write Pulse Width : 250 
| DataSetupTime. Ct C150 
| ton | 2. | 


Data Hold Time. : 
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MCM2112A (continued) 


FIGURE 1 — READ CYCLE TIMING 


« LLL _LIL | 





FIGURE 2 — WRITE CYCLE TIMING 


WL>. 


0 LLL 





MCM2112A (continued) 


CIRCUIT DESCRIPTION 


The MCM2112A memory matrix consists of 1024 static 
storage cells. The matrix is separated into four 256-bit 
memories operated in parallel to produce 256 4-bit words. 
A particular word is selected by a 1-of-32 (A0-A4) row 
address and a 1-of-8 (A5-A7) column address. 

The !/O data lines are multiplexed to serve as data 
inputs during write cycles and as data outputs during réad 
cycles. A read cycle is defined by the overlap of CE = Vy. 
and R/W = Vjy. During this time, the 1/O ports will act as 
active. outputs. A write cycle occurs at the overlap of 
CE = Vi_ and R/W = Vz. The I/O ports will be high 
impedance and data can easily be written in. 

When CE = Vy the chip is disabled; the |/O ports will 
be high impedance and data presented to these pins will 
be .ignored. This feature of the MCM2112A allows wire- 
ORing of the part. 


READ CYCLE 


-During a read cycle, the MCM2112A will drive the four 
1/0 ports to their correct fevels, as defined by the data 


stored at the address given. A series of successive read 
cycles may be performed holding CE at Vii and R/W at 
ViH. In this case, the data out is valid tacc nanoseconds 
after the change in address. Alternatively, the address may 
be applied with the chip disabled. In this case, valid data 
will occur tcQ nanoseconds after the chip is enabled. 


WRITE CYCLE 

During a series of write cycles, R/W may be held at Vit. 
However, CE must be strobed according to the timing 
diagram. The minimum address setup time, tas, must 
be observed. 

In order to write data into the MCM2112A, the 1/O 
buffers on the chip should be high impedance. This will 
occur for.either R/W = Vi_ or CE = Vi}. However, there 
is a delay from these signals until the high impedance 
state occurs. The write timing of the MCM2112A guar- 
antees a high impedance state before data in is required to 
be stable. The minimum time guaranteed is. equal to 


tw - tps — (toHwmax). 





PACKAGE DIMENSIONS 


CASE 620-04 














er ee ee 


ATING 
PLANE 


MILLIMETERS 





NOTES: 





CASE 648-03 














\ \ K 
Ms, SEATING 


PLANE 








MILLIMETERS INCHES NOTES: : 
OIM| MIN | MAX | MIN. | MAX 1, LEADS WITHIN 0.13 m 
(0.005) RADIUS OF TRUE 


A_| 20.70 | 21.34 |.0.815 | 0.840 
6.10 6.60 | 0.240 | 0.260 POSITION AT SEATING 
4.06 | 4.57 | 0.160 | 0.180 PLANE AT MAXIMUM 
0.38 | 0.51] 0.015 | 0.020 MATERIAL CONDITION. 
1021-1521 0.040 1 0.060 . DIMENSION “L” TO 
j 0.100 ae CENTER OF LEADS 
1,32 | 1,83 | 0.052 | 0.072 WHEN FORMED 
0.30 | 0.008 | 0.012 PARALLEL 
2.92 | 3.43 | 0.115 | 0.135 
7.37 |_7.87 | 0.290 | 0.310 
10° 10° 


[051 | 1.02 | 6.020 | 0.040 
[0.13 | 0.38 | 0,005 | 0.015 
0.51 | 0.76 | 0.020 | 0.030 


. LEADS WITHIN 0.13 mm (6.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

. PKG. INDEX: NOTCHIN LEAD. 

NOTCH IN CERAMIC OR INK DOT. 

. DIM “A AND "B" DO NOT 
INCLUDE GLASS RUN-OUT. 

. DIM “LTO INSIDE OF LEADS 
(MEASURED 0.51 mm (0.020) BELOW 
BODY) a 
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Advance Information 


4096-BIT DYNAMIC RANDOM ACCESS MEMORY 


~The MCM6604 is a 4096-bit high-speed dynamic Random Access 
Memory designed for. high-performance, jow-cost applications in 
mainframe and buffer memories and peripheral storage. Organized as 
4096 one-bit words and fabricated using Motorola’s highly reliable 
" N-channel silicon gate technology, this device optimizes speed, power, 
and density tradeoffs. 

By multiplexing row. and column address inputs, the MCM6604 
requires only six address lines and permits packaging in Motorola’s 
standard 16-pin dual in-line packages. Complete address decoding is 
done on chip with address latches incorporated. 

All. inputs are TTL compatible, and the output is 3-state TTL 
compatible. The. MCM6604 incorporates a one-transistor cell design 
and dynamic storage techniques, with each of the 64 row addresses 
requiring a refresh cycle every 2.0 milliseconds. 


Organized as 4096 Words of 1 Bit 
"Maximum Access Time = 250 ns (L2,P2) 
300 ns (L4,P4) 
350 ns (L,P) 
Minimum Read and Write Cycle Time = 
400 ns (L2,P2) 
450 ns (L4,P4) 
500 ns (L,P) 
Low Power Dissipation 
555 mW Maximum (Active) 
- 24 mW Maximum (Standby) 
TTL Compatible 
3-State Output 
On-Chip Latches for Address, Chip Setect, and Data In 


Power Supply Pins on Package Corners for Optimum Layout 
Standard 16-Pin Package . 


Compatible with the Popular 2104/MK4096 





ABSOLUTE MAXIMUM RATINGS (See Note 1) 












Storage Temperature Range ~65 to +150 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
Periods of time could affect device reliability. : 


This is advance information and specifications are subject to change without notice. 
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MCM6604L/L2/L4 
MCMG604P/P2/P4 


MOS 


(N-CHANNEL, SILICON-GATE) 


4096-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 





L SUFFIX 
CERAMIC PACKAGE | 
CASE 690 


P SUFFIX 
" PLASTIC PACKAGE 
~ CASE 648 


PIN ASSIGNMENT 


This device contains circuitry to protect the 
inputs against damage due to high static voitages 
or electric fields; however, it is advised that 
normal precautions be.tak en to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. y 








MCM6604 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED OPERATING CONDITIONS (Referenced to Vgg = Ground) 


po Parameter | Symbot | min [Nom | Max [Unit 


Supply Voltage 


Input High Voltage An, CS, Din 
RAS, CAS, Write 


Input Low Voltage All Inputs 





DC CHARACTERISTICS (Vpp = 12 V +5%, Voc = 5.0 V +10%, Vag = -5.0 V +10%) 


Characteristic | Max | 


Input Current, Any Input 
(Vin = 0 to Voc) 
Output High Voltage 
(9 =-3.0 mA) 


Output Leakage Current 
(Output Disabled by CS Input) 
Average Supply Current, Active Mode 
(Teye(w) = min) 


Supply Current, Standby Mode 





PACKAGE DIMENSIONS 


CASE 690-07 CASE 648-03 


—_- ee 


edule a a ae A 


ATING 
PLANE 





Ego Fee ee 


SEATING PLANE una euETERS| inne NOTES: : 
; Lwin [max [ MIN | Max | 1. LEADS WITHIN.0.13 mm 


re (a _| 2070 | 21.34| 0815| 0849} (0.005) RADIUS OF TRUE 
| B | 6.10] [0.260 | 


1, LEADS WITHIN 0.13 mm (0.005) RADIUS T 6.60 | 0.240 | POSITION AT SEATING 
OF TRUE POSITION AT SEATING PLANE [¢ | 4061 457 { 0.160 | 0.180 | PLANE AT MAXIMUM 
AT MAXIMUM MATERIAL CONDITION. To | 038) 0.57 | 0.015 | 0.020 | MATERIAL CONDITION. 

2. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 
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MCM6604 (continued) 


EFFECTIVE CAPACITANCE (Ful! operating voltage and temperature range, periodically sampled rather than 100% tested.) 


Symbot_ | Max [Unit 


Input Capacitance An Cin(EFF) 10 pF 


RAS, CAS, Din, Write, CS 7.0 










AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Read, Write, and Read-Modify-Write Cycles) 


RECOMMENDED AC OPERATING CONDITIONS (Vpp = 12 V +5%, Vcc = 5.0 V + 10%, Veg = -5.0 V + 10%, Ta =0 to 70°C) 


MCM6604L ,P MCM6604L2 P2 
Parameter Symbol 


| Min _| 
[Random Read or Write GycleTime «| teye | 800 | 
[Resa Modify Write Cycle Time = —*dtcyoiR MW) | 700 _| 
[Row Address Strobe Precharge Time tip | (100 
[Row to Column Strobe Leed Time Noe | tc | O_ | 
[Column Adaress Swobe PulseWieth =; | 200 | 
[AddressSeuptime dT tas TO 
i P 

i DS 

i DH 

























) 
i] 
E 


70 


= 
o 
oO 


_ kh ~~ 


t 

t 
:| Read Command Setup Time 
Read Command Hold Time 
Read: Command Pulse Width 
Write Command Hold Time (Note 2) 
Write Command Pulse Width 
t 
t 


+ 
b 


+ 
og 
°o 


[otumnn to Row Svobe Lead tine | tome | OO 

[Daten sew Time | tT OY 

[Oata tn Hold Time Yt | 

[RetveshFerodSSCSCSC*idSCe | 

1. If tRcL is greater than the maximum recommended value shown in this table, 
tcyc and tRAc will increase by the amount that tac, exceeds the value shown. 

2. The Write Command Hold Time is important only when normal random write cycles are 
being performed. During a read-write or a read-modify-write cycle, the limiting parameter 
is the Write Command Pulse Width. 


|_100 | 

ae 

00] 

80] 
15 


2.0 


° 


= 
= = 
fo] °o 








AC CHARACTERISTICS (t, = tz = 20 ns, Load = 1 MC74HO0 Series TTL Gate, Cy (EFF) = 50 pF) 


MCM6604L_ P |MCM6604L2 P2| MCM6604L4,P4 
Characteristic Symbol 


Max | Max 
Access Time from Row Address Strobe tRAC 
(tac < 150 ns for MCM6604L,P) 
(tRcL < 110 ns for MCM6604L2,P2) 
(trct < 130 ns for MCM6604L4,P4) 
| 200] 50 
| too TS 


Access Time from Column Address Strobe 







Output Buffer Turn-Off Delay 
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MCM6604 (continued) 
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MCM6604 (continued) 
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MCM6604 (continued) 
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MCM6604 (continued) 


BLOCK DIAGRAM 


Enable 























Column 150 
Address Strobe 


Write: 3.0 


Strobe 


Vop =Pin 8 
Vgg = Pin 16 
VeB =Pin 1 
Vec=Pin 9 


2 "13 
Data In Chip 
Select 


ADDRESSING 


The. MCM6604 has six address inputs (AO through AS) 
that are common to two address registers, one register for 
the row address and another for the column addréss. The 
column register has an additional latch that accommodates 
the Chip Select (CS) signal. At the start of a memory cycle, 
the row address is latched into the address register with 
the Row Address Strobe (RAS) signal. Next, the 6-bit 
column address is placed on the address bus along with 
the Chip Select signal, and they are latched into the 
column register with the Column Address Strobe (CAS). 
Since the Chip Select signal is latched well into the mem- 
ory cycle, its decoding time will not increase the memory 
system access or cycle time. 


DATA OUTPUT 


In order to simplify the memory system design and 
reduce the total package count, the MCM6604 contains 
an input data latch and a buffered output data latch. 
The state of the output latch and buffer at the end of a 
memory cycle will depend on the type of memory cycle 
performed and whether the chip is selected or unselected 
for that memory cycle. 

A chip will be unselected during a memory cycle if: 

(1) The chip receives both RAS and CAS signals, 
but no Chip Select signal. 


Disable 


Register 
(Column) 


5 
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1-0f-64 
Column 
Decoder 





7 6 
AO Al A2 A3 A4 AS 






Output 
Latch and: 
Buffer 





O14 Data Out - 


64 























Sense 

Amps Memory 
Data In/ Matrix 
Data Out (64 x 64) 

Gating 4 






6-Bit - 1-0f-64 
Register La Row 
(Row) Decoder 





on Enable 
. Clock Gen 
#1 






10 ae 
Row Address Strobe 


O 
12°11 


The chip receives a CAS signal but no RAS 
signal. With this condition, the chip will be 
unselected regardless of the state of Chip 
Select input. 


(2) 


lf, during a read, write, or read-modify-write cycle, 
the chip is unselected, the output buffer will be in the 
high impedance state at the end of the memory cycle. The 
output buffer will remain in the high impedance state 
until the chip is selected for a memory cycle. 

For a chip to be selected during a memory cycle, it 
must receive the following signals: RAS, CAS, and Chip 
Select. The state of the output latch and buffer of a 
selected chip during the following type of memory cycles 
would be: 


(1) Read Cycle — On the negative edge of CAS, 
the output buffer will unconditionally go to a 
high impedance state. It will remain in this 
state until access time. At this time, the output 
latch and buffer will assume the logic state 
of the data read from the selected cell. This 
output state will be maintained until the chip 
receives the next CAS signal. 

Write Cycle — If the Write input is switched 
to a logic O before the CAS transition, the 
output latch and buffer will be switched to 


(2) 


MCM6604 (continued) 


the state of the data input at the end of the 
access time. This logic state will be maintained 
until the chip receives the next CAS signal. 

(3) Read-Modify-Write — Same as a read cycle. 


DATA INPUT 


Data to be written into a selected storage cell of the 
memory chip is first stored in the on-chip data latch. The 
gating of this jatch is performed with a combination of the 
Write and CAS signals. The last of these signals to make a 
negative transition will strobe the data into the latch. If 
the Write input is switched to a logic 0 at the beginning of 
a write cycle, the falling edge of CAS strobes the data 
into the latch. The data setup and hold times are then 
referenced to the negative edge of CAS. 

If a read-modify-write cycle is being performed, the 
Write input would not make its negative transition until 
after the CAS signal was enabled. Thus, the data would 
not be strobed into the latch until the negative transition 
of Write. The data setup and hold times would now be 
referenced to the negative edge of the Write signal. The 
only other timing constraints for a write-type cycle is that 
both the CAS and Write signals remain in the logic 0 state 
for a sufficient time to accomplish the permanent storage 
of the data into the selected cell. 








INPUT/OUTPUT LEVELS 


All of the inputs to the MCM6604 are TTL compatible. 
The inputs feature high impedance and low capacitance 
(<10 pF) characteristics which will minimize the driver 
requirements in a memory system. The three-state data 
output buffer is TTL compatible and has sufficient current 
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sink capability (2 mA) to drive one high speed TTL load. 
The output buffer also has a separate Vcc pin so that it 
can. be powered from the same supply as the logic being 
employed. 


POWER DISSIPATION 


Since the MCM6604 is a dynamic RAN, its power drain 
will be extremely small during the time the chip is 
unselected. 

The power of the MCM6604 increases when selected 
and most of this increase is encountered on the address 
strobe edge. Hence, the power will be a function of the 
duty cycle. 

in a memory system, the CAS signal must be supplied 
to all the memory chips to insure that the outputs of the 
unselected chips are switched to the high impedance state. 
Those chips that do not receive an-RAS signal will not 
dissipate any power on the CAS edge except for that 
required to turn off the chip outputs. Thus, in order to 
insure minimum system power, the RAS signal should be 
decoded so that only the chips to be selected receive an 
RAS signal. If the RAS signal is decoded, then the chip 
select input of all the chips can be set to a logic O state. 


REFRESH 

The MCM6604 is refreshed by sequentially cycling 
through the 64 row addresses every 2 milliseconds or less. 
It is not necessary to supply the CAS to the chip while it 
is being refreshed. Any read, write, or read-modify-write 
cycle will refresh a selected row. However, if a write 
cycle is used to perform a refresh cycle the chip must 
be unselected. 


4096-BIT DYNAMIC RANDOM ACCESS MEMORY 


The MCM6605A is a 4096-bit high-speed dynamic Random Access 
Memory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage. Organized 
as 4096 one-bit words, these memories are fabricated using selective 
oxidation N-channel silicon. gate technology to optimize device 
speed, power and density tradeoffs. , 

All address and control inputs are TTL compatible except for 
a single high-level clock (Chip Enable). Complete address decoding 
is done on chip and address latches are incorporated for ease of use. 
Refresh of the entire memory can be accomplished by sequentially 
cycling through addresses AQ-A4 (32 cycles) a maximum of every 
2.0 milliseconds. 

The MCM6605A uses a three-transistor memory cell to simplify 
internal sense amplifier requirements. Output data is inverted with 
respect to input data. The outputs are 3-state TTL configuration and 
require no external sense amplifier. Outputs are in the high impedance 
(floating) state when either the Chip Enable is in the low state or the 
Chip Select is in the high state. 


@ Organized as 4096 Words of 1 Bit 


L1, Pt 


L2,P2 
200 ns 
360 ns 
490 ns 


L,P 
300 ns 
470 ns 
590 ns 


150 ns 
280 ns 
390 ns 


Maximum Access Time = 
Minimum Read Cycle Time = 
Minimum Write Cycle Time = 
Minimum Read Modify Write 
~ Cycle Time = 390 ns 


490 ns 590 ns 


Low Power Dissipation 

335 mW Typical (Active) 

2.6 mW Typical (Standby with Refresh) 
Easy Refresh — Only 32 Cycles Every 2.0 ms 
TTL Compatible 
3-State Output 
Address Latches On Chip 
Power: Supply Pins on Package Corners 

for Layout Simplification 


Typical Applications: 
Main Memory 
Buffer Memory 
Peripheral Storage 





ABSOLUTE MAXIMUM RATINGS (See Note 1) 


Oto +70 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voitages for extended 
periods of time could affect device reliability. 


Voltage on Any Pin Relative to Vag 
Operating Temperature Range 





Storage Temperature Range 
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ae 


MCM6G05A L/L1/L2 
MCM6GO5A P/P1/P2 


MOS 


(N-CHANNEL, SILICON-GATE) 


4096-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 677 


P SUFFIX 
PLASTIC PACKAGE 
CASE 708 


Preset* 
Data In 

A11 

Chip Enable 
Data Out 
Chip Select 


*See Applications Information 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, ‘it is advised that 
normal! precautions be tak en to avoid application 
of any voltage higher than maximum rated voit- 
ages to this high-impedance circuit. 





MCM6605A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs). 


[svner [Min [Rom] 















: Parameter 


Supply Voltage 






Logic Levels ie 
input High Voltage (An, Din, R/W, CS) VIH 3.0 Vpp + 1.0 Vde 


Chip Enable High Voltage : ; ; 





: Chip Enable Low Voltage 


DC CHARACTERISTICS 


input Current (Ap, Dip, R/W, CS, Preset). 
(Vin = Oto Vpp + 1.0 V) : 


Input Chip Enable Current 
(Vin = Ot0 Vpp + 1.0 V) 

Output High Voltage : 
(Ig = -100 nA) 


Output Low Voltage 
{to = 2.0 mA). 


Output Leakage Current = 
(Vo = 0.45 V to Vcc, CE = Veet, or CS = Vip) 


Average Supply Current, Active Mode 
(Teye(w) = min) 


Supply Current, Standby Mode 
(CE = Vcet) 





EFFECTIVE CAPACITANCE (Test Circuit of Figure 1, full operating voltage and temperature range, 
; periodically sampled rather than 100% tested.) 


Symbol 


Input Capacitance (An, Din, R/W, CS, Preset) ae Cin(EFF) 


Chip Enable Capacitance ae aa j CCE(EFF) 
Output Capacitance .- e Cout(EFF) 
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MCM6605A (continued) 


FIGURE 1 — MEASUREMENT OF EFFECTIVE CAPACITANCE 


ue -—-4 


Pulse Generator Calibration 
EH123A or Equiv. Capacitors 


Tektronix 


567 or Equiv. = 


Effective capacitance is determined by comparing the rise time 
of the voltage waveform at a particular pin to that measured with 
known values of capacitance. Scope calibration points are deter- 
mined by using the rise times obtained with the empty socket and 
standard capacitor values as references. : 

The device under test (DUT) is inserted into the test socket 
and normal operating power supplies applied. All input pins,- 
except that being measured, are grounded. The effective capaci- 
tance of the desired pin.can then be read directly from the scope. 


Measurement 
Input Pulse Level 





AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature unless otherwise noted.) 


OPERATING MODES 


Control States 



























Active (CE = High) 











Read Only Valid 
Read/Write Valid 
Write Only Valid 
Read Refresh Valid > Floating 
Refresh Only Floating 
Chip Disable (Unselected) Floating 


X = Don't Care 


RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles) 


tr 


CE Off Time - MCM6605AL,P/L2,P2 : 


MCM6605AL1,P1 
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MCM6605A (continued) 


AC CHARACTERISTICS 
{All timing with ty = 20 ns; Load = 1 TTL Gate (MC74HO0 Series), Cy = 50 pF (effective)] 


_ READ CYCLE (R/W = Vin, CS = Vit) 





READ CYCLE TIMING 


tee = teyc(R) 





Address 





ftas™ = e—— TAH >t —— | ty 


VcCEH 
Vop -2.0 v— — — — 






Chip Enable 





20V 
VCEL tesD 











Chip Select 








NN 
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MCM6605A (continued) 


WRITE CYCLE (R/W = ViL, CS= ViL) 
REFRESH CYCLE (R/W = Vii, CS = Vip) 


Characteristic Sy mbol 


: 


90 
30 
30 


Write Pulse Width 
Read-Write to Chip Enable Separation Time 





Data Delay Time 
Data Hold Time 


WRITE AND REFRESH CYCLE TIMING 


<= teyc(W) ———— 





Address 





VceH 
Vpp-2.0V —-—— — 











Chip Enable 


2.0V ———— 
VCEL — 


Vio 


Chip Select 


Datain . Din Stable 










2-29 


MCM6605A (continued) 


READ-MODIFY-WRITE (R/W = ViVi, CS = ViL) 
READ REFRESH (See Note 1) 


Characteristic 


Chip Enable On Time 
Read-Write Release Time 


Write Pulse Width 
Data Setup Time 


Data Hold Time 
Read-Write to Chip Enable Separation Time 





Note 1: A read refresh cycle is possible by- bringing CS high after output data 
is valid and then bringing R/W low to the write position. 


READ MODIFY WRITE TIMING 


Fev LAWN) 











Vi 
2.6 V-— 

Address 
Vit 


VCEH 
Veo2ty SS2 4 


tesp 
t 


—~” TY! AS 


| 
_" a= AU 


ee I ee a . eee 
20V ——aH~— ee YH + 
Data Out <— Floating al ; <———_—__———-Vaiid Floating —————» 
0.8V — ——— — — — — | — 


VoL —_e _oOo herr 
‘acc —————»> 






Chip Enable 


20 V see 
VcCEL . 













Din Stable 
-1.2V ; 


NN a 
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MCM6605A (continued) 


NORMALIZED ACCESS 


NORMALIZED ipp SUPPLY CURRENT 


NORMALIZED Ipp, SUPPLY CURRENT 








TYPICAL CHARACTERISTICS CURVES 


FIGURE 2 — ACCESS TIME versus Vpp 






























































i722 413~«OSSCS 
Vpp, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — Ipp SUPPLY CURRENT versus Vpp 



































12 
Vpp, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — Ipnp SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 






































Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 3 — ACCESS TIME versus AMBIENT TEMPERATURE 





1.5 





1.4 








— 
NR 
































20 
Ta, AMBIENT TEMPERATURE 


30 


FIGURE 5 — Ipp SUPPLY CURRENT versus CYCLE TIME 
1.0 





















NORMALIZED Ipp SUPPLY CURRENT 






























































teye, CYCLE TIME (us) 


FIGURE 7 — REFRESH TIME versus AMBIENT TEMPERATURE 
1000 





~ 
i<j 
oS 























tREF, TIME BETWEEN REFRESH (ns) 








20 
Ta, AMBIENT TEMPERATURE (°C) 


30 40 5060 70 80 90 





MCM6605A (continued) 


ig, SUPPLY CURRENT (mA) 


ipp, SUPPLY CURRENT (mA) 


TYPICAL SUPPLY CURRENT TRANSIENT WAVEFOR MS 


FIGURE 8 — CHIP ENABLE VOLTAGE 
































“0 100 200 300 400 500 
t, TIME (ns) 


FIGURE 10 — icc SUPPLY CURRENT 











icc, SUPPLY CURRENT (mA) 










































































0 100 200 300 400 500 0 100 200 300 400 500 
t, TIME (ns) t, TIME (ns) 
FIGURE 11 — igg SUPPLY CURRENT FIGURE 12 — icg SUPPLY CURRENT 



































iCE, SUPPLY CURRENT (mA) 

































































| 1 : : 
100 200 300 400 500 0 100 206 300 400 «S00 
, TIME (ns) 1, TIME (ns} 
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MCM660DA (continued) 


BLOCK DIAGRAM — 


' A10A9A8 A7AG AS 


Chip 20 1918 
Enable © o1 ? ° 9 

2 

Read/Write 14 o3 


(32) 





Bit Sense Lines 








(32) 














Datain4do 
Chip 


Select 


FUNCTIONAL DESCRIPTION 

The MCM6605A 4096-bit dynamic RAM uses a three 
transistor storage cell in an inverting cell configuration. 
The single high-level clock (Chip Enable) starts an internal 
three-phase clock generator which controls the read and 
write functions of the device. The $1 signal, which is high 
when CE is low (standby mode), preconditions the nodes 
in the dynamic RAM in preparation for a memory cycle. 
' The @2 signal, which comes on as CE goes high, is the read 
control and transfers data from storage onto bit sense 
lines. The $3 signal, which comes after $2 only during a 
write or refresh cycle, transfers data from the bit sense 
lines back into storage. The $3 signal occurs only if the 
R/W input is low. 

To perform a read cycle, CE is brought high to 
initiate a @2 signal and latch the input addresses. The 
column decoders select one column. in each of the four 
storage quadrants (see the block diagram) and transfers . 
data. from storage onto the 128 bit sense lines. The row 











ADA2A4 
17:16 15 1310 9 
ouan®) 0 Oo 9 





Bit Sense Lines 












Bit Sense Lines 
(32) 


Oo 7 Data Out 


bs. CE Vpp = Pin 22 

Alt Vgg = Pin 12 
Vee = Pint 
Vec=Pin 11 
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decoder selects one of these 128 bit sense lines for read 
and write operations. During the @2 signal, the data on 
this selected bit sense line is Exclusive ORed with the state 
of the appropriate data control cell to supply the correct 
output data. After this data is received by the external 
system, CE may be brought low to the standby position. 
This assumes that the R/W signal is held high to prevent. 
an internal ¢3 being generated. © ‘ 

To perform a-write or refresh operation, CE is brought 
high and everything is identical to a read operation up 
until. the 128 bit sense lines are charged with the selected 
columns of stored data. When R/W is brought low (if it is 
not already there), a 63 signal is generated after 2 is over. 
The $3 signal takes the data from the 128 bit sense lines 
and returns it to the 128 storage locations it came from. 
Because of the design of the memory array, this 62-43, 
read-write operation inverts the data. Therefore, one extra 
row of memory cells, called data control cells, is used to — 





MCM6605A (continued) 


keep track of the polarity of stored data in order to be 
able to correctly recover it. During the write operation, 
the input data is Exctusive ORed with these control cells 
before being stored in the array. A refresh cycle does not 
modify any of the bit sense lines, but simply returns the 
data (now inverted) into storage. 

All timing signals for. the MCM6605A are specified 
around these operations. The following is a brief descrip- 
tion of the input pins and relevant timing requirements. 
Chip Enable — CE is a single high level clock which ini- 
tiates all memory cycles. CE can remain low as long as 
desired for specific applications as long as the 2.0 ms re- 
fresh requirements are met. 


Chip Select — This signal controls only the 1/0: buffers. 
When CS is high, the input is disconnected and the output 
is in the 3-state high-impedance state. A refresh cycle is, 
therefore, a write cycle with CS high. CS has no critical 


timing with respect to any other signal except that there - 


is a finite delay between activation and data out. 


Read/Write — When high, R/W inhibits. the internal $3 
signal, thereby keeping the memory from writing. When 
R/W is tow, a $3 will occur soon after $2 is finished. For a 
read cycle, R/W should be high within trwp of CE to 
insure that a $3 does not start. The only timing require- 
ment on the R/W input for writing is a minimum write 
pulse defined as the overlap of CS, CE, and R/W. Refresh 
cycles require that CS be high to inhibit the input buffer 
before a $3 occurs. Thus CS should be high within tesp 


for a refresh cycle, or before R/W goes low for a read- © 


refresh cycle. 


Data In — The input data must be valid for a sufficient 
time to override the data stored on the selected bit sense 
line. It must remain valid for the ‘‘write pulse’ defined 
under Read/Write. Signals on the Dj, pin are ignored 
when either CS or R/W is high, or CE is low. 


Data Out — Output data is inverted from input data and is 
valid tage after CE goes high. The data will remain valid 
as long as CE is high and CS remains low. With either CE 
low or CS high, the output is in a high-impedance state. 
The data output is initially precharged high when CE goes 
high and is then either discharged to ground or left high 
depending on the stored data. This precharging followed 
by. valid .data occurs regardless of the state of the R/W 
input, making the write cycle actually a read-write cycle. 
The output will also try to precharge during a refresh cycle 
but will be kept at high impedance by the CS being-high. 
If CS is originally low and is then brought high (within 
the. tesp specification) the output may start to precharge 
before being cut off and returned to high impedance. 


Addresses — The addresses are latched when CE goes high, 
and may be removed after an.appropriate hold time. - 


Vss — Circuit ground. 


Ves — The reverse. bias substrate supply. ‘Forward biasing 
this supply with. respect ° Vss will destroy the memory 
device. 

Vpp — Positive sigely sites 


Vec — Output buffer supply. This supply goes only to 


the data output buffer and draws current only when 
driving an output load high. 


Preset — This pin should be tied to ground. During device 
testing Preset can be used to preset the data control cells 
to a logic zero. One 200 ns, 12 V pulse will set al! 32 cells 
simultaneously. Preset has no system use; its only purpose 
is to ensure a good logic level in the control cells after 
first power up. In system use, this good logic level will 
come naturally after the first few refresh cycles. 


APPLICATIONS INFORMATION 


Power Supplies 

The MCM6605A is a dynamic RAM which has essentially 
zero power drain when-in the standby (CE low) mode. 
When operating, the Vpp supply may experience transients 
in the order of 100 mA for a short time (Figure 9). The 
VBB supply, which has very low dc drain while operating, 
may see transients of about 40 mA during the edges of CE. 
Therefore, appropriate bypassing of both supplies is recom- 
mended. This bypassing has been simplified by the location 
of the power supply pins on the corners of the package. 

The Vcc line supplies only the input leakage of a 
TTL load on Data Out and should never exceed about 
100 yA, presenting little bypassing requirement. 

Power dissipation for a system of N chips is much 
lower than N times the 335 mW typical dissipation for a 


’ full speed operating chip. This is because the unselected 
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rows in a memory array card are operating in the standby 
mode of near zero dissipation. This zero standby power is 
actually unachievable because of the requirements for 
refresh. Therefore, power dissipation for an array of 
N X M chips operating at ty cycle time, tREeF refresh 
increment, and maximum CE down time between cycles is: 


490 n 


Pp=M(— *) 396 mw + (N-1) (wn - ia 
ns 


tREF H 


For a 550-ns-cycle-time, 64 k by 16 system (16 by 16 
chip array) with refresh at 2. O ms, the approximate power 
dissipation is: 








-,) 335m Ww 


100), (282) 
Pp 16 (5 335 + (16) (16) 7060 335 


=~ 4775 mW + 630 mW= 5.4 W 


Asimilar one megabyte system, eight bytes wide, would 
have a dissipation of only 24 W. If. the low standby 
power capability were not used, over 600 W would 
be dissipated. 


Refresh oe ' . ; 

The MCM6605A is refreshed by performing a refresh (or: 
write) cycle on each of the 32 combinations of the least 
significant address bits (AQ-A4) within a.2.0 ms time 
period. (A5-A11 must remain constant at proper logic 
levels.) This refresh can be done in a burst mode (32 cycles 
starting every 2.0 ms). or in a distributed mode where one 
cycle is done-every 62.5 us: 


MCM6605A (continued) 


A refresh abort can be accomplished by treating a 
refresh cycle as a tead-modify-write cycle with CS high. 
This type of cycle can be aborted any time until the R/W 
signal has-been’ brought low to allow a $3 clock to begin. 


Non-Volatile Storage 

- In many digital systems, it is extremely important to 
retain data during emergencies such as power failure. 
Unfortunately, however, most random access read/write 
semiconductor memories such as the MCM6605A are 
volatile. That is, if power is removed from the semicon- 
ductor memory, stored information is lost. Therefore, 
non-volatility for a specified period of time becomes highly 
desirable — as a necessity to maintain irreplaceable infor- 
mation. or as a convenience to avoid the time consuming 
and troublesome task of having to reload the memory. 

The extremely low standby power dissipation of ‘the 
MCM6605A makes it ideal for main memory applicatioris 
requiring battery backup for non-volatility. For example, 
the MCM6605A can be employed in an 8K byte non- 
volatile main memory system application for micropro- 
cessors. The memory system can be partitioned into three 


major sections as illustrated in Figure 13. The first section « - 


contains the address buffers and the Read/Write and Chip 
Select decoding logic. The second section consists of the 


data bus buffering transceivers and the memory array 
(which consists of 16 MCM6605As) organized into two 
rows of 4K bytes each. 

The third section of the block diagram comprises 
refresh and control logic for the memory ‘system. This 
logic interfaces the timing of the refresh handshaking with 
the microprocessor (MPU) clock circuitry. It handles 
requests for refresh, the generation of refresh addresses, 
the synchronization of a Power Fail signal, the multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and the generation of a -5 V’ supply 
on the board using a charge-pump method. 

The refresh contro! logic is iHustrated in Figure 14. It 
handles the refreshing of the memory during both operating 
and standby modes. The timing for this logic is given in 
Figure 15. Figure 16 gives the memory timing for the 
standby mode only. Decoding of the memory clock (CEA 
and CEg) and the circuitry to synchronize the Power Fail 
signal are shown in Figure 7, mi the uiming given in 
Figure 18. 

The memory device clock (CE, and CER) during stand- 
by is created by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed with the 
Memory Clock by use of the three-state feature of the 


FIGURE 13 — NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM 
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MCM6605A (continued) 


MC14503. The Memory Clock (used during normal opera- 
tion) is translated to 12 V levels by use of an MC3460 
Clock Driver. Decoding of the CEa and CEg signals {i.e., 
clocking only the memory bank addressed) to conserve 
power is accomplished by the logic within the MC3460. 
Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
MC14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 us monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns..monostable which creates the CE pulse during 
standby operation. The 3 us pretrigger signal is used to 


set half of the MC14027 flip-flop, the output of which,. 


@), then inhibits a changeover from the standby to the 
operating modes (or vice versa). This logic prevents 
the system from aborting a refresh cycle. should the Power 


Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable. clears 
the MC 14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is syn- 
chronized by clocking. with Memory. Clock. The outputs 
of this flip-flop, labeled Bat and. Bat, lock the system into 
the refresh mode and multiplex in the internal clock for 
standby operation when Bat = 1". The voltage to logic 
not required for the refresh only mode of operation is 
removed to conserve power. ; —_ 

By using CMOS for the refresh logic and capacitance 
drivers, and a low current refresh oscillator, the standby 
current required for the 8K byte system is extremely 
small, as noted in Table 1. This low standby current 
requirement can be easily supplied for several days with 
standard type +12 V batteries. For more detailed informa- 
tion on this sytem and a large mainframe memory system, 
see Application Notes AN-732 and AN-740. 


FIGURE 14 — REFRESH CONTROL LOGIC 
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FIGURE 15 — REFRESH TIMING 
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MCM6605A (continued) 


FIGURE 16 — MEMORY TIMING IN STANDBY MODE 
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FIGURE 17 — POWER FAIL LOGIC AND CHIP ENABLE DRIVER 
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MCM6605A (continued) 


FIGURE 18 — POWER UP/DOWN SYNCHRONIZATION 
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TABLE 1 — STANDBY MODE CURRENT ALLOCATION 


+12 V Current (Vpp) for 16 MCM6605A’s 





Circuit diagrams utilizing Motorola products are included as a means 
of iNustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and 
is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 
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PACKAGE DIMENSIONS 
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om TER [MAX | MIN | MAX | NOTES: 
_ 1. LEADS WITHIN 0.13 mm (0.005) 
wens 27. * ue | 1.065 | 1.100 | RADIUS OF TRUE POSITION AT 
| Gf 2.16 | 3.68 | 0.085 | 0.145 MAXIMUM MATERIAL CONDITION. 
|_| 0.43 | 0.58 | 0.017 [0.023 | 2 DIMENSION “L” TO CENTER OF 
| F | 102 REF | o.086 Be LEADS WHEN FORMED PARALLEL. 
YG | 25¢BSC_ | 
YH | 0.76 [1.78 | 0.030 | 0.070 
| 3 | 0.20 [ 0.30 | 0.008 | 0.012 | 
p aae | ae | 0.175 


CERAMIC PACKAGE . . PLASTIC PACKAGE 
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Product Preview 


16,384-BIT DYNAMIC RANDOM ACCESS MEMORY 


MOS 


(N-CHANNEL) 


16,384-BIT DYNAMIC 
RANDOM ACCESS 
MEMORY 


The MCM6616 is a 16,384-bit high-speed dynamic Random Access 
Memory designed for high-performance, low-cost applications in 
mainframe and buffer memories and peripheral storage. Organized as 
16,384 one-bit words, this device optimizes speed, power, and density 
tradeoffs. ; 


By multiplexing row and column address inputs, the MCM6616 
requires only seven address lines and permits packaging in Motorola’s 
standard 16-pin dual in-line packages. Complete address decoding is 
done on chip with address latches incorporated. 


All inputs are TTL compatible, and the output is 3-state TTL 
compatible. The MCM6616 incorporates a one-transistor cell design 
and dynamic storage techniques, requiring a refresh cycle every 
2.0 milliseconds. 


The MCM6616 is a drop-in replacement for the MCM6604, with 
the CS input of the MCM6604 (pin 13) replaced by an additional 
address input, A6. ‘ 


CERAMIC PACKAGE 





Organized as 16,384 Words of 1 Bit 


Maximum Access Time = 350 ns 

Minimum Read and Write Cycle Time = 500 ns 
Low Power Dissipation Ani ASAIO ARENT 
TTL Compatible 

3-State Output 

On-Chip Latches for Address and Data In 

Power Supply Pins on Package Corners for Optimum Layout 
Standard 16-Pin Package 

Drop-In Replacement for MCM6604 


Industry Standard Pinout 





This is advance information and specifications are subject to change without notice. 
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MCM6616 (continued) 


BLOCK DIAGRAM 
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64-BIT STATIC RANDOM ACCESS MEMORY 


The MCM14505 64-bit random access memory is fully decoded 
on the chip and organized as 64 one-bit words (64 X 1). Medium 
speed operation and micropower..supply requirements make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 

When used with a battery backup, the MCM14505 can be utilized 
as an alterable read-only memory, allowing the battery to retain in- 
formation in the memory when the system is powered down, and 
allowing the battery to charge when power is applied. The micro- 
power requirements of this memory allow quiescent battery operation 
for great lengths of time without significant discharging. 


® Quiescent Power Dissipation = 0.3 uW/package typical 
at Vpp = 10 Vde 
@ Noise !mmunity = 45% of Vpp typical 
© Supply Voltage Range = 3.0 Vdc to 18 Vdc (MCM14505AL) 
4.5 Vde to 16 Vde (MCM14505CL/CP) 
@ Single Read/Write Control Line 


@ Wired-OR Output Capability (3-State Output) for 
Memory Expansion 


® Access Time = 180 ns typical at Vpp = 10 Vdc 
® Write Cycle Time = 275 ns typical at Vpp = 10 Vde 
© Fully Buffered Low Capacitance Inputs 





MA XIMUM RATINGS (Voltages referenced to Vgs, Pin 7) 


+18 to -0.5 
+16 to -0.5 
Vpp to -0.5 


MCM14505AL 
MCM14505CL/CP 


Input Voltage, All Inputs V; 
i T 


DC Supply Voltage 


DC Current Drain per Pin 


Operating Temperature Range MCM14505AL A -55 to +125 ° 
MCM14505CL/CP -40 to +85 


Storage Temperature Range Ty : -65 to +150 
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MCM14505AL 
MCM14505CL 
MCM14505CP 


McMOS 


(LOW-POWER COMPLEMENTARY MOS) 


64-BIT (64 x 1) STATIC 
RANDOM ACCESS MEMORY 








L SUFFIX 
CERAMIC PACKAGE 
CASE 632 


-P SUFFIX 
PLASTIC PACKAGE 
CASE 646 








This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields; however, it is ad- 
vised that normal precautions be taken ‘to 
_avoid application of any voltage higher than 
maximum rated voltages to this high imped- 
ance circuit. For proper operation it is re- 
commended that Vin and Voyt be con- 
strained to the range Vgg <(Vjnq or Vout) 
<Vpp). 


Unused inputs must always be tied to an 
appropriate logic voltage level (e.i. either 
Vss or Vpp) 









BLOCK DIAGRAM 


















1 
2 
Address A2 3 64-Word 
Inputs }az 4 1 Bit +0 10 Data Out 
Storage 


A411 
A512 
Data in 73 


Array 





Strobe 5 
CE16 
CE28 
R/W 9 





Control 





Vpp = Pin 14 
Vgg = Pin? 








MCM 14505 (continued) 


ELECTRICAL CHARACTERISTICS 


ie oe 7 


5.0 
10 
15 





Noise immunity + 
(4Vout < 0.8 Vde) 5.0 
(SVout < 1.0 Vde} 10 
(4Vout < 1.5 Vde) 15 
(Vout < 0.8 Vde) 5.0 
(AVgut < 1.0 Vde) 10 
(AVout' < 1.5 Vde) : 2 oe 15 

Output Drive Current (AL Device) 
(VOH = 2.5 Vdc) Source 5.0 
(VoH = 9.5 Vde) 10 
(VOH = 13.5 Vde) 15 
(VoL = 0,3 Vde) Sink 5.0 
(VoL = 0.5 Vde) 10 
(VoL = 1.5 Vde) ; 15 

aus Drive Current. (CL/CP Device) 
(VOH = 2.5 Vde} Source 5.0 
(Von = 9.5 Vde) 10 
(VoH = 13.5 Vde) ; 15, 
(VoL = 0.4 Vde), Sink 5.0 
(VoL.= 0.5 Vde) : 10 
(VoL = .1.5 Vdc) 


Input Capacitance (Vjp = 0) 
Strobe, CE1, Din, An 
Read/Write, CE2 — 
Quiescent Dissipation (AL Device) : 0.00015 
0.0003 
0.001 
Quiescent Dissipation (CL/CP Device) 


Power Dissipation* *t PD = (6.4 mW/MHz) f +PQ 
: = (25.6 mW/MHz) f + Pq 
Pp = (57.8 mW/MHz) f + Pq 





*Tlow = -55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input combination. 
tFor dissipation at different external. load capacitance (C;_} use the formula: 


Pr(CL) = Pp + 1x 1073 (Cy -15 pF) Vpp Zt 


where: P+, Pp in mW (per package), Cy in pF, Vpp in Vde, and f in MHz is input frequency. 
**The formula given is for the typical characteristics only. 
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MCM14505 (continued) 


SWITCHING CHARACTERISTICS (Ta = 25°C, t,, tf = 20 ns) 


Characteristic 


Minimum Strobe Down Time 






ae 

All Types CLICP Device 
4 

2 


yp 
5.0 100 00 500 
10 50 100 125 
15 75 80 95 

tsetup(A) 
5.0 ~100 ‘00 300 
10 -4 80 120 
15 - 0 90 
50 

0 
0 
0 


Symbol 
tsTL 






Address Setup Time 





Data Setup Time 


140 200 
75 
55 
tsetup(R) 
180 270 
20 4 60 
15 3 45 
tsetup(W) ns 
5.0 80 275 400° 
10 25 100 
11 
Aa 0 
trel(R) 
5.0 ~90 
10 -25 
15 -10 
trel(W) 
5.0 5.0 
10 10 
15. 30 
teye(R) 
5.0 500 
10 200 0 
15 150 0 
teyc(W) 
5.0 440 0 
10 { 275 0 
15 200 415 
tace(R) j 
400 _ 650 
180 270 350 
110 : 260° 
o | 200 
: 80 160 
. 60 120 ; 






Read Setup Time 


0 
25 6 
tsetup(D) . 
5.0 70 
10 25 
15 20 4 
90 











Write Setup Time 





Address Release Time 


7 
4 
2 
2 
0 
C 
0 
0 
18) 
0 
5 


750 
4 
3 
7 
5) 


15 
Data Hold Time | thold(D) 
5.0 
: 10 
15 






Read Release Time’ 


Write Release Time 





Read Cycle Time 





5 

5 

5 
Write Cvcle Time 


75 
55 
50 
15 
10 
35 

10 
7.5 
650 
300 
225 
600 
400 
300 
550 
200 
400 






Read Access Time 
(CL = 15 pF) 















Output Disable Delay 
(10% Output Change into 1.0 kQ Load) 


om 
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MCM14505 (continued) 


Address 


FIGURE 1 — READ CYCLE TIMING DIAGRAM 
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FIGURE 2 — WRITE CYCLE TIMING DIAGRAM 


Either ™sTH min = teyc(W) max *STL min 
High or Low 


Note: The read/write input can be maintained at a logic ‘’0” 
(low voltage) during awrite cycle. If the read/write 
input is maintained at a logic ‘‘O’’ while the strobe is 
ZEither High or Low? a logic ‘'1’’, then the output data will be disabled (high 
impedance) during the write cycle. 


tsetup(D) |= *—+ thold(D) 
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FIGURE 3 — MAXIMUM STROBE PULSE WIDTH FIGURE 4 — TYPICAL READ ACCESS TIME 
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MCM14505 (continued) 


FIGURE 5 ~ TYPICAL OUTPUT SOURCE FIGURE 6 — TYPICAL OUTPUT SINK 
CAPABILITY versus TEMPERATURE CAPABILITY versus TEMPERATURE 


Vop— 
Vinput | | | | 
0 —7 
a PERess ns 


tf. 1.Q0kHz 


Yoo Notes: Voo 
1. Cycle R/W to ground and then to Vpp 
prior to measurement to insure turn- 

on of the device under test. 
















Vv = VoL 
2. For the P-channel characteristics, DS 9 
-—o— Vos = VoH~ Yop: pps | 
3. For the N-channel characteristics, -—o— AI 


Vps is measured directly. ¢—o—_ 


9 
100 


4. For the drain current, lp = —— Amp 
100 
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_MCM14505 (continued) 


FIGURE 7 — FUNCTIONAL CIRCUIT DIAGRAM 
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MCM14505 (continued) 


OPERATING CHARACTERISTICS 


: In considering the operation of the MCM14505 CMOS memory, 
refer to the functional circuit diagram of Figure 7 and timing 
diagrams shown in Figures 71 and 2. The basic memory cell is a 
cross-coupied flip-flop consisting of two inverter gates and two 
P-channel devices for read/write contro!. The push-pull cell provides 
high speed as well as low power. ; 


During a read cycle, when the strobe line is high the write | 


selection drivers are disabled and the data from the selected row is 
available on columns 1b, 2b, 3b, and 4b. The A4 and AS address 


bits are decoded to select output data from one of the four columns. * 


The output data is available on the data output pin only when the 


strobe and read/write lines are high simultaneously and after the . 


read access time, tacc(R), has occurred (see Figure 1). Note that 
the output is initially disabled and always goes to the logic ‘’0”’ state 
(low voltage) before data is valid. The output is in. the high- 
impedance state (disabled) when the strobe line or the R/W line is 


in the low state. The memory is strobed for reading or writing only _ 


when the strobe, CE1, and CE2 are high simultaneously. The R/W 
tine can be a dc voltage during a read or write cycle and need not 
be pulsed, as shown in-the timing diagrams. For this case the R/W 
line should be a logic ‘1’ (high) for reading and a logic ‘0’ for 
writing. , 
When the strobe line is high, the column read/write inhibit 
gates and the row decoder inhibit gates are‘disabled, the selected 


row is in the low state, and the unselected 15 rows retain their 
logic ‘‘1"’ level due to the row capacitance that exists when the row 
decoder inhibit gates are disabled. This capacitive storage mecha- 
nism requires a maximum strobe width (see Figure 3) equal to the 
junction reverse bias RC time constant. When the strobe is returned 
to a logic “OQ” the rows are forced to Vpp by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates (pulldown devices) force the column tines to a lagic 
“O"’ state. 

Two column lines are associated with each memory cell in order 
to write into the cell. The write selection drivers are enabled when 
the R/W line is a logic ‘‘0” and the strobe line is a logic ‘'1". The 
input data is written into the column selected by the column 
decoder. For instance, if a ‘1 is to be written in the memory ceil 
associated with row 1 and column 1, then row 1 would be enabled 
(logic “’0’’) while column 1b is forced high and column 1a is forced 
low by the write selection drivers. !f a logic “O”’ is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
The data that is retained in the memory cell is the data that was 
present on the data input pin at the moment the strobe goes low 


* when R/W is low, or when R/W goes high when the strobe is high. 


APPLICATIONS INFORMATION 


Figure 8 shows a 256-word by n-bit static RAM memory system 


' The outputs of four MCM14505 devices are tied together to form _ 


256 words by 1 bit. Additional bits are attained by paralleling the 
inputs in groups of four. Memories of larger words can be attained 
by decoding the most significant bits of the address and ANDing 
them with the strobe input. é 


Fan-in and fan-out of the memory is limited only by speed - 


requirements. The extremely low input and output leakage current 
(100 nA maximum) keep the output voltage levels from changing 
' significantly as more outputs are tied together. With the output 
‘ tevels independent of fan-out, most of the power supply range is 


available as logic swing, regardless of the number of units wired ; ~ 


together. As a result, high noise immunity is maintained under 
all conditions. , 


Power dissipation is 0.1 wW per bit at a 1.0-kHz rate for a 


5.0-volt power supply, while the static power dissipation is 2.0 nW 
per bit. This low power allows non-volatile information storage 
when the memory is powered by a small standby battery. 

Figure 9 shows an optional standby power supply. circuit for 
making a CMOS memory ‘‘non-volatile’’. When the usual power 
fails, a battery is used to. sustain operation or maintain stored 
information. While normal power supply voitage is present, the 
battery is trickle-charged through a resistor which sets the charging 
rate. Vg is the sustaining voltage, and Vt is the ordinary voltage 
from a power supply. Vpp connects to the power pin on the 
memory. 
battery power. ’ 

The memory system shown in Figure 8 can be interfaced 
directly with the other devices in the McMOS family. No external 
components are required. — 

At the inputs to the CMOS memory, TTL devices can interface 
directly if an open-collector logic gate such as the MC7407 is used 
as shown in Figure 10. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pF). The address, data, and 
read/write inputs do not need to be fast since they can be changed 
for the duration when the strobe pulse is low, tgp, (see Figures 1 
and 2). For high-speed operation, a push-pull driver should be used 
if more than five strobe inputs must be driven at one time. One 
circuit of the type shown in Figure 10 can be used for every ten 
strobe inputs. 


Low-leakage diodes are recommended to conserve 
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Figures 11, 12, and 13 show methods of interfacing the 
memory output to TTL logic at various memory voltages. If a 
Vpp of 5.0 volts is used for slow-speed, low-power applications, 
One transistor and one resistor must be used (Figure 11). The 
MCM14505A LL will drive one tow-power TT L gate directly. 

If a Vpp of 10 volts is used, the output of the memory device 
can fan out to two low-power TTL gates (Figure 12a) or to a 
discrete transistor (Figure 12b). The discrete transistor circuit 
provides higher speed and/or high fan-out. A pulldown resistor 
at the base of the transistor is not needed for fast turn-off because 
of the push-pull output of the memory. Turn-on time of the 
transistor is much faster in Figure 12b since the voltage rise is only 
0.75 volt. The jow output capacitance of the MCM14505 means 
that several outputs can be wire-ORed without significantly de- 
grading performance. The read access time is increased by only 
20 ns typically for 16 outputs tied together when Figure 12b 
is used. 

Five low-power TTL. gates can be driven from the memory 


: Output if a Vpp of 15 volts is used (Figure 13a). Figure 13b 


shows the interface if a discrete transistor is used. The 1.0 kilohm 
resistor in the base is required to insure that not more than 10 mA 
flows through the output as listed in the maximum ratings. If a 
2.0 kilohm collector resistor is used (fan-out = 3), the turn-on 
time of the transistor is only slightly faster than in the circuit 
shown in Figure 12b due to the lower output impedance when 
Vpp = 15 volts. The voltage at the memory data output has to 
rise to only 1.3 volts to insure driving a fan-out of three TT L devices. 

If a 510-ohm collector resistor is used, 20 TTL toads may be 
driven. The read access time is increased about 20 ns when four 
memory outputs are tied together since the output voltage must 
rise to 3.7 volts before the transistor can sink the full Io, for a 
fan-out of 20 TTL devices. Almost any NPN transistor with a 
minimum beta of 15 can be used for the interface shown in 
Figures 11, 12 and 13. 

The high source current from the push-pull output stage of the 
MCM14505 makes for a simpler interface circuit since alow source 
current memory requires a differential comparator to achieve high- 
speed operation. 





MCM14505 (continued) 


_ Address 
Lines 


rToOMmmMmoag?y 


Data in oO 


Dynamic 
Strobe 


Read/Write o 


[¢ ee NO eS 


FIGURE 8 — CMOS 256-WORD BY n-BIT STATIC 
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OBg Out 


MCM14505 (continued) 


FIGURE 9 — STAND BY FIGURE 11 — CMOS-TO-TTL INTERFACE 
BATTERY CIRCUIT FIGURE 10 — TTL TO CMOS INTERFACE ~ FOR Vpp = 5.0 V 


TOTTL 
MCM 14505 (F.O. = 1) 


2N3904 
or Equiv 





1/6 MC7407 


Note: The MCM14505AL will drive one 
tow power TTL gate directly. 





FIGURE 12 —CMOS-TO-TTL INTERFACE 
FOR Vpp= 10 V 


a. Using a Low-Power TTL Gate b. Using Discrete Devices 


MOG tay vec Vpp = 10 V Vec 


Germanium 


Diode 
\ TOTTL 


(F.O. = 20) 


MCM 14505 . MCM14505 ar 


Low-Power 
TTL Gate 





FIGURE 13 — CMOS-TO-TTL INTERFACE 
FOR Vpp = 15 V 


a. Using Low-Power TTL Gates b. Using Discrete Devices 


Vpop = 15 V 


Germanium 
Diode 


2N3904 
or Equiv 


To TTL MCM 14505 


O TTL Input 


*2.0 kilohms for F.0.=3 
*510 ohms for F.0. = 20 
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MCM14505 (continued) 


PACKAGE DIMENSIONS 


L SUFFIX MILLIMETERS] INCHES | 


CERAMIC PACKAGE 
CASE 632 


o 
ao 
a 
t=} 
2 s|2 
So Rol 
wd co} oo. 
[==] aoc 


[—J 
o 
=e 
[=] 
oe 
n 
ee 


oo 
i=] 
o 
ao 
n 
oO 


Hae K All JEDEC dimensions and notes apply. 
sek LS SEATING z 10-116 
PLANE M CASE 632-02 


NOTES: 
1. DIM “A” AND “B” DO NOT © 
INCLUDE GLASS RUN-OUT. 
2. DIM “L” TO INSIDE OF LEADS 
(MEASURED 0.51 mm (0.020) BELOW 
BODY) 





Devices packaged in Case 632 fall 
within one of the given sets of dimen- 
sions. Further identification is available 
upon request. 


CASE 632-04 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


NOTES: 


1. LEADS WITHIN 0.13 mm 
F 
n i 
Ji C 
ATING ' 


(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
' i i SE 
H-- -1@ bk ‘| D PLANE 


PLANE AT MAXIMUM 
MATERIAL CONDITION. 

. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 
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256-BIT STATIC RANDOM ACCESS MEMORY 


The MCM14537 is a static random access memory (RAM) orga- 
nized in a'256 x 1-bit pattern and constructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of eight address inputs (Ap), one data 
input (Djn), one write enable input (WE), one strobe input (ST), two 
chip enable inputs (CE,), and one data output (Doyt). 

Using both chip enable inputs as extensions of the address inputs, 
a 10-bit address scheme may be employed. Four MCM14537 devices 
may be used to comprise a 1024-bit memory without additional 
address. decoding. The CE and ST inputs are dissimilary designed to 
enable usage of the memory in a variety of applications. An output 

“latch is provided on the chip for storing the data read or written into 
memory, making a data-out storage register unnecessary. The CE 
inputs control the data output for third-state (high output impedance) 
or active operation which makes the memory very useful in a bus 
oriented system. WhenCE2 is high the chip is fully disabled. When 
CET is high the output is in the third state but data can be written 
into the output latch during a read cycle. This enables the use of the 
memory for fast reading by using the CE1 input to enable the latch. 
The memory is also designed so that dc signals can operate the 
memory with no maximum pulse width required on the CE and 
ST lines. 

Medium speed operation and micropower operation make the 
device useful in scratch pad and buffer applications where micro- 
power or battery operation and high noise immunity are required. 


Quiescent Power Dissipation = 2.5 uW/package typical @ 5 Vde 
@ Noise Immunity = 45% of Vpp typical 


Wired-OR Output Capability (3-state output) for 
Memory Expansion 


Output Data Latch Eliminates Need for Storage Buffer 
Access Time = 700 ns typical @ Vpp = 10 Vdc 
Fully Decoded and Buffered 









MAXIMUM RATINGS (Voitages referenced to Vgg, Pin 8) 


DC Supply Voitage MCM14537AL +18 to -0.5. 
+16 to -0.5 


. MCM14537CL 
Input Voltage, All Inputs Vpp te -0.5 
-55 to +125 


|___ Symbol 

FDC Curent Brain pa Pin] | 

Operating Temperature — MCM14537AL 
-40 to +85 


Range — MCM14537CL 












emer eal 


Storage Temperature Range 
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MCM14537AL 
MCM14537CL 


McMos 


{LOW-POWER COMPLEMENTARY MOS) 


256-BIT (256 x 1) STATIC 
RANDOM ACCESS MEMORY 


CERAMIC PACKAGE 
CASE 690 


PIN ASSIGNMENT 


Ono nanprwnn = 


This device contains circuitry to protect 
the inputs against damage due to high static 
voitages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For. proper operation it 
is recommended. that Vip and Voyt be 
constrained to the range Vsg < (Vin or 
Vout) < Vop- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 


Vss of Vpp). 





MCM 14537 (continued) 


ELECTRICAL CHARACTERISTICS 


Vop 
Characteristic Symbol Vde asl 


Output Voltage “O" Level Vout ae 
"a" Level 


Noise Immunity * 
(Vout < 0.8 Vde) 
(SVoyt < 1.0 Vde) - 
(0Vgut < 1.5 Vde) 
(AVout < 0.8 Vde) 
(Vout < 1.0 Vde) 
(Vout < 1.5 Vde) 

Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(VoH = 9.5 Vde) 

(Von = 13.5 Vde) 


5.0 
10 
15 

5.0 
10 
15 


5.0 
10 
15 


(VoL = 0.5 Vde} 
(VoL = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VQH = 2.5 Vde} Source 
(Vou = 9.5 Vdc) 

(VOH = 13.5 Vde) 
(VoL = 0.4 Vdc) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde) 


Input Current 


tnput Capacitance = 
(Vin = 0) 


Quiescent Dissipation (AL Device) 


Quiescent Dissipation (CL/CP Device) ia 


10 





(VoL = 0.4 Vde) ch 5.0 


Power Dissipation * *t 
(Dynamic plus Quiescent) 
(Cy = 15 pF) 


*Tlow = 58°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input Combination, 
tFor dissipation at different external load capacitance (C,_) use the formula: 


PT(CL) = Pp + 1x 10-3 (CL -15 pF) Vpp2t 


where: Py, Pp in mW (per package), CL in pF, Vpp in Vdc, and f in MHz is input frequency. - 


**The formula given is for the typical characteristics only. 





PACKAGE DIMENSIONS 
L SUFFIX 
CERAMIC PACKAGE 
CASE 690 
NOTE 


1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 


tk J tN 








SEATING PLANE 





ee 

a Pp = (6.4 mW/MHz) f + Pq 
= (25.6 mW/MHz + pq 
= (57.6 mW/MHz) f + Pg 


xe} 
n 


No ‘ 
=! 


3 


3 








INCHES 








{0.740 | 0.757: 





0.105 | 0.155 








0.045 | 0.055 





0.100 BSC 

















0.020} 0.028] 
0.008} 0.012 | 
0.140 | 0.190" 











0.025 | 0. 045 
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CASE 690-07 


MCM14537 (continued) 


SWITCHING CHARACTERISTICS* (T, = 25°C) 







CL/CP Typ AL CL/cP 
Device | All Types | Device | Device Unit 





AL 
Device 





Sy mbol 





Characteristic 









































op | one | Deve 
Output Rise Time (C_ = 15 pF) Ne t ns 
ty = (3.0 ns/pF) Cy + 25 ns 5.0 70 175 200 
tp = (1.5 ns/pF) Cy + 12 ns 10 35 75 100 
t, = (1.1 ns/pF) Cy + 8.0 ns 15 25 55 80 
Output Fall Time (C, = 15 pF) 3 te ns 
tp = (1.5 ns/pF) CL + 47 ns 5.0 70 175 200 
te = (0.75 ns/pF) Cy + 24ns 10 35 75 110 
te = (0.55 ns/pF) CL + 17 ns 15 25 55 80 
Read Access Time from ST or CE2 (CL = 15 pF)| 4.5 | tacciR) ns 
tace = (1.4 ns/pF) CL + 2480 ns 5.0 450 400 | 2500 | 4000 | 6000 
tace = (0.7 nspF) CL + 690 ns 10 200 150 700 1400 | 2000 
tace = (0.5 ns/pF) Cy + 393 ns 15 150 115 400 | 1050 | 1500 
Output Enable Delay from CE1 or CE2 5,6 tace(CE,) 5.0 80 70 300 
10 30 25 100 
15 23 20 70 
Setup Time from A, to ST or CE2 4,5,6,7 | tsetup(A) 5.0 600 
10 200 
15 140 
Hold Time from Ap to ST or CE2 4.5.6.7 | thold(A) 5.0 200 
10 80 
15 55 
Data Hold Time thold(D) 5.0 480 960 ns 
10 160 320 
15 110 240 
Data Setup Time p 7 ftw! | fo 1200 | 2400 
10 600 1200 
15 420 900 
10 20 4 
15 15 3 


N 
Lh 
° 







Write Enable Setup Time 


a oO 
ao 


7 
7 
7 
7 tsetup(WE) | 5.0 4 
10 160 
15 120 
tWE 5.0 240 4 
10 80 160 
15 55 120 
4,5,6 5.0 
7 
4 
45 
7 





Write Enable to Doyt Disable** 






Strobe or CE2 Pulse Width When Reading 














Strobe, CE1 or CE2 Pulse Width When Writing 


Write Recovery Time,(CL = 15 pF) 
ty = (1.4 ns/pF) Cy + 219 ns 
tw = (0.7 ns/pF) Cy + 70 ns 

ty = (0.5 ns/pF) CL + 47.5 ns 


CE1 or CE2 to Dout Disable Delay ** 








0 
0 
80 
_ % 
PW(R) : 450 900 
10 150 300 
15 100 225 
PWiW) 1200 | 1800 
600 840 
420 630 
tR(W) 
5.0 80 70 240 480 
10 30 25 80 160 
15 25 20 55 120 
(CE, 70 300 600 
100 200 
25 70 150 










QW 
oo 
pte finde fe 
oa 







Read Setup Time tsetup(R) 5.0 ~100 
10 -40 
-30 
180 
60 







45 

2500 4000 6000 ns 
700 1400 2100 
500 1050 1575 

.1400 3400 4800 ns 
700 1400 2100 
500 


Write Cycte Time 






Read Hold Time a thold(R) Ei 
Read Cycle Time i teyc(R) | 


*The formula given is for the typical characteristics only. 
**10% output change into a 1.0 kQ load. 
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MCM 14537 (continued) 


FIGURE 1 — TYPICAL OUTPUT SOURCE AND SINK CURRENT CHARACTERISTICS TEST CIRCUIT 


Output Source | Output Sink 
Pulse Input} Characteristics {Characteristics 


ne cui ‘ WE Pulse Once Pulse Once 
ingle ufse 
a | Din [SW1 in Position 1]SW1 in Position 2 





External 
Power 
Supply 
















: 


0.01 WF 


‘ea 
= Pulse Co a. en 
~ Generator 


1 


Generator 


2 


Output (Dout) a, CeCe eee oe 










Pulse 
Generator 
1 


Pulse 
Generator 
2 








FIGURE 3— AC TEST CIRCUIT 


Pulse 
Generator 
1 
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MCM14537 (continued) 


FIGURE 4 — READ CYCLE WAVEFORMS UTILIZING STROBE-TO-ACCESS MEMORY 


Address 
Inputs 
(Ap) 


t@— tsetup(A) 


be pw/(R) 


a Teyc(R) 
tt——tsetup(R) 





Write Enable 
(WE) 











Data Output 


High impedance output state occurs when WEis maintained as a logical 
“O"' (low level). : : 


The output momentarily displays data from the previous state. 


For read operation, WE may be maintained at a logical ‘“1’’ (high level) 
during the complete cycle. 


CE1 and CE2 are maintained at a !ogical ‘’0’’ state (iow level). 
All input rise and fall times are 20 ns. 





FIGURE 5 — READ CYCLE WAVEFORMS UTILIZING CE2 FOR ACCESS MEMORY 





Address 
{Inputs 
(An) 


tsetup(A) 
PW(R1) 








Chip Enable 2 © 
(CE2) 


tsetup(R) 


Write Enable 
(WE) 


Data Output 
(Dout) 


High Impedance output state occurs when CE1 or CE2 is maintained 
in the logical ‘’1’’ state (high level). 


The output momentarily displays data from the previous state. 


‘For read operation, WE may be maintained at a logical ‘'1'’ (high level) 
during the complete cycle. 


All input rise and fall times are 20 ns. 
PW (R1) 2 tace (R) max 
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MCM 14537 (continued) 


FIGURE 6 — READ CYCLE WAVEFORMS UTILIZING CE1 AND CE2 TO. ACCESS MEMORY 


Address 


tdelay(CE2) 


tacc(E,,) 


Data Output 
(Dout) 


High impedance output state occurs when CE or CE2 is maintained - 
in the togical ‘‘1’’ state (high level). 


WE is maintained at the logical ‘‘1'’ state for this example. 
All input rise and fall times are 20 ns 
tdelay(Ce2) Minimum assuares that only data presently addressed 
will appear at the output. 
tdelay(CE2) min. = tacca max, ~ tace(@E7) min. 


PW(R2) > tgelay (CE2) min + tage (CEp) max 





FIGURE 7 — WRITE CYCLE WAVEFORMS 


Address 
Inputs 


thold(WE) 


Write Enable 
(WE) 


Data Input 
(Din) 


The Strobe, CE1 and CE2 may be utilized to control a write cycle, 
however, during changes of address either Strobe or CE2 must 
be in the logical ’1’’ state (high level). 


Data input togic level is don’t care. during the indicated intervals. 

Data input logic level must remain fixed. 

Write Enable may be maintained as a Jogical ‘’0” during the write cycle. 
All input rise and fall times are 20 ns. 
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MCM14537 isonunued) 


LOGIC/BLOCK DIAGRAM 


3-State Enable 


(High Resistance State) 


Write 
Circuitry 





Output ray 
Latch 


Decoder 




















WE | Din COMMENTS 


R/A Dour will be active if CE1 and 
a = "0" and WE = "1". 
seek CE2 = ‘'1’', fully disables intaerial 
x 
logic and output. 
x x R/A Changing address in this mode 
may result in altered data. 
= ‘'1"' disables write cycle 
x 
and Dout: 


Address changing 


Address changing x 
not valid 


x 










Dout disabled in 
high resistance state 

. : Bea The chip is fully disabled. 

WE = “0” enables s writing into 
memory if CE1, CE2, and 
ST = "0". 





Dout enabled in if ST = "1", the output stores 


: reviou 
active state and reads the previous data 


x A 
from or written into: memory. 
x A The output reads the present 
contents that are addressed. 
“x 
x 
x 
1 





Read addressed 
memory location 
into output latch. 


Disable reading Px | 1 f x] 
from memory [x | x [1 | 


NERS aay EIEIE 


Write disabled 


The addressed location is read 
x into output latch with output in 
the “R"' state. 
| x | Rr | Address changing can take 
Sais place in.this condition. 
Din is written into memory 
and into the output latch 


‘|WE 


x 


> 
















= ’*'1"' is a read enable. 
E = ‘‘0” is a write enabie. 





x R 
x R 
x R/A 
x R/A 
“R=.High resistance state at Dout 
A= An active level of either Veg or Vop 
R/A = An R or A condition depending on the don’t care condition 
X = Don’t care condition (must be in the ‘'1’’ or 0” state) 
1 = A high level at Vop 
0 = A low level at Vgg 
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MCM 14537 (continued) 


10-Bit 
Address 


TYPICAL APPLICATION FOR SERIAL WORDS UTILIZING BUS TECHNIQUES 










Address 
Register 












An 
MCM14537 


CE1 


An 
MCM14537 





D 








Output Bus 





Decoder 


Tword = tacc(ST)*+ (N-1) tacc(CE1) 
Tword(typ) ~ 3-8 #s for a 32-bit serial word at Vpp = 10 V 





Typical 1024 x 1 RAM Utilizing Four MCM14537’s. 


10-Bit 
Address 


Decoder 








Typical Low Power 1024 x 1 RAM Utilizing Four MCM14537's. 
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Dout 






out 


MCM14552AL 
MCM14552CL 
MCM14552CP 


McMOS 


(LOW-POWER COMPLEMENTARY MOS) 


256-BIT STATIC RANDOM ACCESS MEMORY 


The MCM14552 is a static random access memory (RAM) or- 
ganized in a 64 x 4 bit pattern. The three chip enable inputs can be 
used as extensions of the six address inputs, creating 9-bit address 
scheme. Eight MCM14552 devices may be used to comprise a 
2048-bit memory (512 x 4) without additional address decoding. 

The mode control (M) is used to change the control logic char- 
acteristic of the circuit. For example, with M high, the 3-state 
input (T) fully controls the 3-state characteristic of the output. 
With M low, the output 3-state characteristic is controlied by chip 
enable inputs (CE), write enable input (WE) and T. The latch 
enable (LE) input provides flexibility for holding output data un- 
changed during write operations as well as increasing the outputting 
of paired words. 

The memory is designed so that dc signals may operate the 
memory, with no maximum pulse width restrictions. 

Medium speed, micropower operation, and control flexibility 
make the device useful in scratch pad or buffer applications where 
battery operation or high noise immunity are required. 


256-BIT (64 x 4) STATIC 
RANDOM ACCESS MEMORY 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684 


® Quiescent Power Dissipation = 10 uW/package typical @ Vpp = 
10 Vde 


Noise Immunity = 45% of: Vpp typical 


Wired-OR Output Capability (3-state output) for Memory Ex- 
pansion 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


Output Data Latch Eliminates Need for Storage Buffer 
Access Time = 700 ns typical @ Vpp = 10 Vdc 
Fully Decoded and Buffered 





PIN ASSIGNMENT 


MAXIMUM RATINGS (Voltages referenced to Vg, Pin 8) 


PP —~—“C™sCsSCSCSRRtting SS Symbol | Value Unit _| 

DC Supply Voltage MCM14552AL Vde 
MCM14552CL/CP +16 to -0.5 

Input Voltage, All Inputs Vde 

[Bc Gurrant Orsin por Fin | rn 


Operating Temperature Range ~ MCM14552AL Ta ~55 to +125 °C 
MCM14552CL/CP -40 to +85 


Storage Temperature Range -65 to +150 








This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voitage higher than maximum rated voltages 
to this high impedance circuit. .For proper operation it is recommended that 
Vin and Vout be constrained to the range Vsg <(Vin OF Vout) <Vop- 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or Vop.- 
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MCM 14552 (continued) 


ELECTRICAL CHARACTERISTICS 


ra 
Characteristic Symbol ra 


Output Voltage “0” Level Vout 
“1” Level . el 
a as 


Noise tmmunity # 
(AVoyt < 0.8 Vde) 
(AVgyt < 1.0 Vde) 
(4Voyt < 1.5 Vde) 
(Vout < 0.8 Vdc) 
(AVout < 1.0 Vde) 
(4Voyt < 1.5 Vde) 

Output Drive Current (AL Device) 
(VoH = 2.5 Vde) Source 
(VoH = 9.5 Vde) 

(Von = 13.5 Vde) 


5.0 1.5 
10 3.0 
15 4.5 
5.0 1.4 
10 2.9 
15 44 


5.0 
10 
15 


(VoL = 0.5 Vdc) 

_ (Voy = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VoH = 2.5 Vdc} Source 
(VoH = 9.5 Vdc) 

(VoH = 13.5 Vde) 
(VoL = 0.4 Vdc) 
(VoL = 0.5 Vde) 
(VoL = 1.5 Vde} 


Input Current i 


Input Capacitance 
(Vin = 0) 


10 
15 


5.0 
10 
15 
0.23 
0.60 
1.8 


(VoL = 0.4 Vdc} = 5.0 


= 
nN 


Quiescent Dissipation (AL Device) 


Quiescent Dissipation (CL/CP Device) is) i ie) 
ME 


Power Dissipation**t : PD = (6.4 mW/MHz) f + Pq 
(Dynamic plus Quiescent) = (25.6 mW/MHz) f + Pq 
(CL = 15 pF) =. (57.6 mW/MHz) f + PQ 





*Tlow =.-BS°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device. 
#Noise immunity specified for worst-case input Combination. 
tFor dissipation at different external load capacitance see use the formula: 
PL(CL) = Pp + 2x 107-3 (C, -15 pF) Vpp2F 
where: P-r, Pp in mW (per package), Cy in pF, Vpp in Vdc, and f. in MHz is input frequency. 
**The formula given is for the typical characteristics only. 
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MCM14552 (continued) 


SWITCHING CHARACTERISTICS* (CL = 15 pF, Ta = 25°C) 


Vop Typ [Max 
Output Rise Time 1 tr ns 
tp = (3.0 ns/pF) Cy + 25 ns 5.0 70 175 200 
tr= (1.5 ns/pF) C_ + 12 ns 10 35 110 
tr = (1.1 ns/pF) Cp + 8 ns 15 25 “80 
Output Fall Time 1 tt ns 
te = (1.5 ns/pF) Cy + 47 ns 5.0 70 175 200 
ty = (0.75 ns/pF) CL + 24 ns 10 35 75 110 
t¢ = (0.55 ns/pF). Cy + 17 ns 15 25 55 80 
Read Cycle Time 1,2 toyc(R) 5.0 2000 3000 
10 750 1100 
15 500 825 
3,4 teyc(W) 5.0 1200 1800 3600 
10 750 1100 2200 
15 500 825 1650 
13 |tsetup(A-ST) | 5.0 500 750 1500 
10 150 225 450 
15 120 170 350 
1,3 | thold(ST-A) 75 150 ns 
35 100 
25 75 
24 | tsetup(A-CE}| 5.0 600 900 1800 ns 
10 200 300 600 
15 150 225 450 
2,4 | thold(GE-a} | 5.0 150 225 450 ns 
10 100 150 300 
15 75 120 225 
1,2 5.0 450 900 1800 
, 10 150 225 450 
15 100 170 350 
3,4 PW(W) 5.0 1200 1800 3600 
10 600 900 1800 
15 400 675 1350 
tsetup(R) °| 5.0 
10 
15 -30 ; 
1 thold(R} 5.0 180 360 540 
10 60 180 240 
16 45 140 180 
3,4 tsetup(D) 5.0 600 900 1800 
10 200 300 600 
15 150 | 225 450 
3,4 thold(D) 5.0 200 300 600 
10 50 75 150 
15 30 60 120 


*The formula given is for the typical characteristics only. (continued) 



















an 
or oT 














Write Cycle Time 
















Address to Strobe Setup Time 


Strobe to Address Hold Time 







Address to Chip Enable Setup Time 










Chip Enable to Address Hold Time 


Strobe or Chip Enable Pulse Width When Reading 







Strobe or Chip Enable Pulse Width When Writing 





Read Setup Time 





N= w 
wu OS 











Read Hold Time 





Data Setup Time 


Data Hold Time 
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MCM 14552 (continued) 


SWITCHING CHARACTERISTICS (c,_ = 15 pF, Ta = 25°C) (continued) 


Voo | Typ L__Max 
Write Enable Setup Time 3,4 tsetup(WE) 5.0 240 480 720 ns 
10 80 160 240 
15 55 120 | 180. 
Write Enable Hold Time 3,4 Poe 50 150 
20 40 60 
15 30 45 
1,3 5.0 2000 3000 6000 
10 700 1050 2100 
15 350 800 1600 
tacc(R-CE) | 5.0 | 2100 6300 
10 750 1100 2250 
15 400 825 1700 













Read Access Time from Strobe 






Read Access Time from Chip Enable 




















Output Enable/Disable Delay from Chip Enable or 
Write Enable 










5.0 600 1200 © 
10 400 600 
15 300 450 

600 1200 

240 480 

180 360 
1500 
600 
450 


2 t(T) 5.0 
10 
15 
1 tle 5.0 
10 
15 


Din Din Din Din 





Three-State Enable/Disable Output Delay 














Latch to Output Propagation Delay 







o 1 2 3 Le T 
LOGIC DIAGRAM 4 6 8 10 20 19 
O Oo O O O oO 








GE 230 L a 
= ef) 

CE2 220 e 

CE3 210 





A5 180 aa 
stos [| 
A4 170 =a 93 Douto 
Decoder [|_| ; 
garnete =a 
[| ©5 Dour 
Memory 
3tos || 
A1 140 09 D 
Decoder | out 3 
AO 130 a 
om err: 


Vopb = Pin 24 
Vss = Pin 12 
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MCM 14552 (continued) 


FIGURE 1 — READ CYCLE WAVEFORMS UTILIZING STROBE.TO ACCESS MEMORY 





teyc(R) 


Address 


thold{A-ST) 





Strobe 





Write Enable 





thoid(R) 


Latch Enable 












—| tacc(R-ST) 










Vv 
Data Out a5 
VOH 
Notes: 1 ~ CE1, CE2, CE3 and T are low, M is high. 
2 — WE may be held high during the complete read cycle. 
FIGURE 2 — READ CYCLE WAVEFORMS UTILIZING CHIP ENABLE TO ACCESS MEMORY 
Vob 
Address 
— Vss 
thold(A-CE) pial 
tsetup(A-CE) 
‘ Vpp 
Chip. Enable 


tacc(R-CE) 


—+| tR(CE) pe aa tR(CE) ~— 
WML A_=§ X= Wiz LLL 


Notes: 1 — Unused CE, ST, M and T are low and WE is high. 
: 2 — High impedance output state occurs when any CE is high 
and M is low, or when T is high, ° 
3 — The output displays data from the previous state. 


4 — PW(R) > tace(R-CE) max: 


Three-State 50% 







OH 


Data Out y, a 


VOL 
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MCM 14552 (continued) 


FIGURE 3 — WRITE CYCLE WAVEFORMS UTILIZING STROBE 


Vop 
Address 






on = Vss 
thold(A-ST) tsetup(A-ST) 

Vop 

Strobe 
Vss 
Vopb 

Write Enable 
Vss 
Vopb 

Data in 
Vss 
VOH 

Data Out 
VoL 


Notes: 1—CE1, CE2, CE3 and T are maintained at the logical “0” level. 
2 —.M is maintained at the logical ‘’1’’ level. 
3 — The output displays the contents of the previous state. 
4 — The output displays the contents of the presently addressed location as in a 
read modify write cycle. 
5 — The ourput displays the data that was written into addressed location. 


FIGURE 4 — WRITE CYCLE WAVEFORM UTILIZING CHIP ENABLE 


VoD 
Address 


thoid(A-GE) —»| 


tsetup(A-CE) 





Chip Enable 


Write Enable 


Data In 


. Wer j>— 
Beta WHEE EEX VEE KJ@@EmeZl= poe 


Notes: 1 — High impedance output state occurs when CE is high or when WE 
is low, for M and T maintained in the low state. 
2 — Unused CE’s, ST, M and T are maintained at the logical ‘‘0”’ level. 
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MCM 14552 (continued) 


TRUTH TABLE 


R/A Dout will be active if all 
R/A | CE=0,T =0 and WE =1 
R/A | or if M=1andT=0 

R/A 


RIA 


Address 
Changing 
Vatid 






























Dour will be active if T = 0 
and WE =.1 or if M=1 
and T=0 


Address Changing 
Not Valid 












Dour Disabled 


(in high resistance state) Disables write circuitry 








T = 1 always disables Doyt 
M = 0 and write operation 
disables Dot 


Read operation, Dou; active 
Read or write, Doyt active 


If WE = 0, Din = Dout 





x 
x 


| DnaDovVvVIAID 


Dout Enabled 
(in active state) 


Read Addressed 
Memory Location 
{nto Output Latch 


R/A 






Disable Reading 
From Memory 


Write Into Memory 


Write Disabled 





Output Latch Enabled 


Output Latch Disabled 


meralefermenbberenel olor hata op 


per rerfebereeppocce] |x] exeee | xboorda| 
er oxpe| occ rfefe sco «KE x a OoxXx Kx | =p 
eee x x KK KK xf 


pooefepoodepscod of ee Es 


R= High resistance state at Doyt X = Don't care condition (must be in the ‘’1°’ or ““O"’ state). 
A = An active level of either Vpp or Vss. 1 = A high level at Vpp. 
R/A = AnR or A condition depending on the don’t care condition. QO =A low levet at Vsg. 


FIGURE 5 — 512 WORD x 16 BIT MEMORY BOARD Data Inputs 
DO D1 D2 D3 D4 DS D6 D7 D8 09010011 D12D13D14 015 


aol 
DOL 


DO D1 D2 D3 D4 D5 D6 D7 ps D8D10D11 D12013D14 D015 


A8& 
A7 
AG 
AS 
A4 
A3 
A2 
Al 


AQ 

















t 


MCM14552, 
32 places 


All M and CE 
inputs are 
grounded 














Board Strobe 


‘Data Outputs 
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MCM14552 (continued) 


PACKAGE DIMENSIONS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684-04 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE WITH MAXIMUM 
MATERIAL CONDITION. 

2. LEAD NO. 1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 

3. DIM “L" TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 





CASE 684-04 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709-01 


NOTES: 
1. LEADS, TRUE POSITIONED 

WITHIN 0:25 mm (0.010) DiA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. (DIM. “D”) 

. DIM’L” TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 


= 


és lk |. yoke 
~D ea Mm 
PLANE 








CASE 709-01 





2-66 


Soe 


— 


3 
oy 


ee 
e cee e 





3-2 





READ ONLY MEMORIES 


Motorola’s Read Only Memories include both pre-programmed memories and mask- 
programmable memories for custom applications. 

The character generators are useful in CRT displays as well as in digital printers. To- 
gether with the code converters, which facilitate interface circuitry when going from one 
character standard to another, they provide a wide choice of devices for data display 
systems. ROMs are also available to provide the rhythm patterns for electronic organs. 

ROMs which are specifically intended for use with the M6800 Microcomputer Fam- 


ily are shown in Chapter 4. 


Description Organization 


METAL GATE NMOS 


‘16 Patterns of 
24 or 32 Beats 


1024 x 8 or 
2048 x 4 


Mask-Programmable, Static, Rhythm 


MCM6560* Mask -Programmable, Addressable 


Pre-Programmmed Standard Memories: 
MCM6561 " Binary Code Converter 
MCM6562 Binary Code Converter 


MCM6570* 


1024 x8 
1024 x8 


Mask-Programmable 9 x 7 Character 128 x (9 x7) 
Generator, Horizontat Scan, 
Shift Capability 
Pre-Programmed Standard Memories: 
MCM6571 ASCII Characters and Greek, Shifted 
MCM6571A ASCII Characters and Greek, Shifted 
MCM6572 ASCIl and Greek, Not Shifted : 
MCM6573 Japanese Characters, Not Shifted 
MCM6574 Math Symbols and Pictures, Shifted 
MCM6575 Alphanumeric Control Characters, Shifted 
MCM6576 British Standard Characters, Shifted 
MCM6577 German Standard Characters, Shifted ~ 
MCM6578 French Standard Characters, Shifted 
MCM6579 General European Standard Characters, Shifted 


MCM6580* Mask-Programmable 7 x 9 Character 128¢ x (7-x 9) 
Generator, Vertical Scan, Shift 
Capability 

Pre-Programmed Standard Memories: 
MCM6581 ASCH Characters and Greek, Shifted 


MCM6583 Japanese Characters, Not Shifted 


MCM6590* Mask -Programmable, Static 
Pre-Programmed Standard Memory: 
MCM6591 Universal Code Converter 


METAL GATE CMOS 


MCM14524A* 
MCM14524C* 


-55 to +125°C 
~40 to +85°C 


Mask-Programmable, 
Mask-Programmablie, 


Access 
Time 
(ns max) 


Supplies 


+12, +5, -3 





+3 to +18 
+4.5 to +16 





* Mask-programmable ROMs are manufactured according to a bit-pattern supplied by the customer. 


to each individual pattern. #Measured with Vpp = +5 V, Ta = 25°C 








MASK PROGRAMMABLE ROM PROCESSING 


The programming formats used to customize Motorola's mask-programmable NMOS 
ROMs are detailed on each data sheet. The formats were generated with both the cus- 
tomer and the automation of mask generation being prime considerations. The use of 
hexadecimal format on cards and paper tape allows the efficient reduction and transmis 
sion of the data to the factory. ; 

Once the data for a custom ROM is received at the factory, the customer's inputs are 
checked and submitted to our computer aided mask preparation facilities, where work is 
initiated to generate masks containing the customized pattern information. 

This technique also allows Motorola to return to the customer a printout for verifica-: 
tion of the formatted data prior to generation of the masks and start of wafer processing. 
The customer data base is also used to generate the computer test format which allows 
accurate and complete testing even on prototype samples. 

It is with this simplified and automated procedure that Motorola is able to provide 
both short cycle times and volume production. 


MCM6550L 
MCM6550P 


MOS 


(N-CHANNEL, LOW THRESHOLD) 


7168-BIT STATIC ROM RHYTHM GENERATOR 


The MCM6550 is a mask-programmable Read Only Memory fabri- 
cated with high-performance, N-channel, metal-gate technology. It is 
designed as a rhythm ROM, with 7168 bits organized as 16 rhythm 
patterns of either 24 or 32 beats per rhythm, and with 14 outputs. 
An internal counter counts either 24 or 32 beats according to the 
input at the 24/32 Select pin. No external counters or one-shots are 
necessary. The outputs are directly compatible with TTL and DTL. 


@ 240r 32 Beats per Rhythm With Counter on Chip 
16 Rhythms 


7168-BIT STATIC 
READ ONLY MEMORY 
RHYTHM GENERATOR 



















L SUFFIX 
CERAMIC PACKAGE 
CASE 699-04 


e 
@ 14 Outputs; Any Two May Be Wire-O Red 
@ On-Chip One-Shot With Capacitance Controlled Pulse Width to 
Strobe the Outputs 
Second On-Chip One-Shot With Capacitance Controlled Pulse 
Width to Strobe the Downbeat Output 
Outputs Can Drive Higher Output Voltages Than TTL by 
Increasing Vcc Voltage Above 5 Volts 


i 


P SUFFIX 
PLASTIC PACKAGE 
CASE 711-01 








BLOCK DIAGRAM 








24/32 Select 


3 
micas deed 
wen. 


1 ie 32 
Y -Decoder 













Downbeat (DBO) 







C._1 = Load capacitor added to 


a control output strobe timing. 


Gen. Ci2 = Load capacitor added to 


f | control downbeat strobe timing. 











Clock 4 
On/Off 5 





1- i 32 
Y-Decoder 







Output Buffers 
X-Decoder 
X-Decoder 

Output Buffers 














Vop = Pin 39 
Voc = Pin 40 
Veep =Pin1 
Vss = Pin2 


16 input Buffers (Active Low) 





13 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 


RSO RS2 RS4 RSG RSS RS10 RS12 RS14 
RS1 RS3 RSS RS7 RSY RS11 RS13 RS15 











MCM6550 (continued) 


ABSOLUTE MAXIMUM RATINGS] (Referenced to Vss) 


[—Ss*Rating ~—SSSSSCS*d;CSvembol:*‘[ Value Unt 
Supply Voltages -0.3 to +20 Vde 
-0.3 to +20 
Ves ~15 to t0.3 


Storage Temperature Range ~55 to +125 


Note 1: This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, permanent device damage may occur 
if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to RECOMMENDED OPERATING CONDITIONS. 
Exposure to higher than recommended voltages for extended periods of time 
could affect device reliability. 











DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg = Ground) 


Symbol [Win [Nom | Mex | Unk_| 







DC CHARACTERISTICS (Positive currents flow into the chip, negative currents out.) 


Input Forward Current 
(Vi_ = 0.4 Vde) 


Output High Voltage ; 
(1OH = -100 Adc) 
Output Low Voltage 
(oy = 2.0 mAdc) 


Supply Current 





10 


[Power Drapes SSCS 


CAPACITANCE (Periodically Sampled Rather Than 100% tested.) _ 


Symbor_[__Min_[ tye | Max | Uni] 
Input Capacitance (f = 1 MHz) ie Ginn se ee 0 er 
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MCM6550 (continued) 


AC CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 









Characteristic |_Symbor | Min 
Cycle Time (Tempo) 
.25 ( 







OW Time : 
Output Pulse Width oe eee eee 
Downbeat Pulse Width Se ae 












FIGURE 1 — TIMING DIAGRAMS 


32-COUNT MODE 


32 Cycles 


i) 1 16 30 31 32 


ot TAA 
—| teve ke mess o | pertet 


On/Off NNN / \ 


of eer 
xe iets —-| -tewo 


Downbeat | | et | | 


MMM) = Don’t Care 


24-COUNT MODE 


24 Cycles 


ie) 1 12 22 23 24 


sc ee 
oe ac Via crore 
Downbest gees ee ge 








MCM6550 (continued) 


NORMALIZED PULSE WIDTH 


NORMALIZED PULSE WIDTH 


FIGURE 2 — NORMALIZED PULSE WIDTH 
versus Vpp 


TYPICAL CHARACTERISTIC CURVES 





























Vpp, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — NORMALIZED PULSE WIDTH 


versus TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


tpwp, DOWNBEAT OUTPUT PULSE WIDTH (ms) 





FIGURE 3 — OUTPUT HIGH VOLTAGE 
; versus Vpp 























VoH, GUTPUT HIGH VGLTAGE (VOLTS) 

















Q 4.0 8.0 12 16 20 
Vop. POWER SUPPLY VOLTAGE (VOLTS). 


FIGURE 5 — NORMALIZED POWER DISSIPATION 
versus TEMPE RATURE 


NORMALIZED POWER DISSIPATION 























TA, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — PULSE WIDTHS versus EXTERNAL 
LOAD CAPACITANCE 





= 
i=] 
Qo 


tpwo, OUTPUT PULSE WIDTH (ms) 


CL, LOAD CAPACITANCE (uF) 
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MCM6550 (continued) 


MEMORY OPERATION (Using Negative Logic) 
Most positive level = 0, most negative level = 1 


The MCM6550 has a total of 7168 bits arranged to have 
512 bits of information programmed for each of 14 
outputs. These 512 bits are further arranged as 16 
rhythms with 32 programmed bits per rhythm. 

When the memory is ON, one of the Rhythm Select 
inputs (RSO thru RS15) is chosen by applying Vj, to the 
appropriate pin. All other RS inputs are normally held at 
VIH. These inputs are connected to the internal X-decoder, 
which routes the appropriate rhythm to the output. 

The Clock input is used to increment an internal 5-bit 
counter which in turn is used in the Y-decoder. The two 
acting together sequence thru the 32 bits per rhythm, 
repeating the rhythm as long as the RS, inputs do not 
change and the memory is ON. 


24/32 Select 

This input to the MCM6550 selects either 24 or 32 
bits per rhythm. This is achieved by modifying the oper- 
ation of the internal counter. When 32 bits are chosen, the 
counter counts from 0 to 31 — a total of 32 counts. As 
long as the clock oscillates and the part is ON, the counter 
continues counting 0-31, 0-31 and so on. (When the part 
is OFF, the counter resets to zero.) This counter incre- 
ments on the rising edge of Clock: To obtain 32-bit 
operation, the 24/32 Select input is left open and an 
internal resistor will pull Vin to ViH. 

In order to obtain the 24-bit operation, set the 24/32 
Select input with Vin = Vip. The internal counter is 
modified to count from 0 thru 11, then skip to counts 
16 thru 27, then back to a O thru 11, and soon. The 
total number of counts 0-11 and 16-27 is 24. 


RSy : 
The Rhythm Select inputs are used to select the appro- 
priate rhythms. When only one RS input is low, the output 
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of the chip is straightforward. The information comes out 
as programmed. However, two or more RS inputs may 
be pulled low at the same time, mixing the information 
from two or more 32-bit strings. The mixed bits are ORed; 
i.e., when: any one bit is programmed for Vout = VOL 
(“one’’) the output will be Voi. Only when.ail bits are 
programmed for Vout = VOH (“zero’’) will the output 
be VOH. 


Dn : : 
There are 14 outputs on the MCM6550, labeled DO thru 
D13. These outputs are normally high (VQOH). When a 
“zero” is read, the output remains high. When a ‘’one”’ is 
read, the output goes low at the failing edge of Clock for 
pulse width tpwo. 

Two outputs may be tied together, logically providing 
an AND function. Only when both outputs are individually 
programmed high does the common output remain high. 
As long as either or both of the separate outputs are 
programmed low, the common output goes low for pulse 
width tpwo before returning to the normally high state. 

An external loading capacitor CL1 is connected to 
Pin 38. This capacitor controls the internal strobe generator 
which in turn controls the length of tpyo. : 


Downbeat (DBO) 

The Downbeat output is normally low. When the count 
in the internal counter is either zero or 16, Downbeat 
goes high for pulse width tpwp at the falling edge of 
Clock, assuming the chip is ON. If the chip is turned OFF 
during a Downbeat, the output pulse will nonetheless last 
the full tpywp. The duration of tpwo is determined by the 
loading capacitor C2 at Pin 37. Downbeat occurs every 
12 cycles in the 24-count mode, and every 16 cycles in 
the 32-count mode. 





MCM6550 (continued) 


CUSTOM PROGRAMMING FOR MCM6550 


By the programming of a single photomask, the cus- 
tomer may specify the content of the MCM6550.. Encoding 
of the photomask is.done with the aid of a computer to 
provide quick, efficient implementation of the custom bit 
pattern’ while reducing the cost of implementation. 

Information for the custom memory content may be 
sent to Motorola in the following forms, in order of 
preference: ” : 

1, Hexadecimal coding using IBM Punch Cards 

2. Hexadecimal coding using ASCII Paper Tape Punch 

Programming the MCM6550 is a straightforward pro- 
cedure. The desired beats. (a beat is defined as Voyt = VOL 
for time tpwo) are marked on a coding sheet, such as the 
one provided for your convenience at the end.of this data 
sheet: (These sheets are not to be submitted to Motorola.) 
One coding sheet is required for each rhythm. 

If a 32 count is used (4/4 timing), all 32 beats are filled 
in. For a 24 count (3/4 timing), beats 12 ‘thru 15 and 28 
thru 31 are left blank. Once this information is completed, 
the.coding is converted to hexadecimal, treating marked-in 
blocks as. “‘ones’”’ and blanks as “zeros”. : 

When all sheets have been completed, these hex: char- 
acters are transferred to punch cards starting with Rhythm 
0, Beat 0 and ending with Rhythm 15, Beat 31. Even 
though: the 24-count mode does. not. utilize 8.of the 
available beats, these beats must be programmed with 
hex zeros — 16 for beats 12 thru 15 and an additional 16 
for beats 28 thru 31. 


CARD PUNCH FORMAT 


The hexadecimal equivalent (from the coding sheet): 


should be placed on 80-column-punch cards as follows: 


Columns 
1- 7 Blank 
8 Asterisk(*) 
9-72 Hex coding 
73-76 Blank : 
77-78 Card number (starting 01; thru 32) 
79-80: Blank i 


Column Q on the first card contains the hexadecimal 
equivalent of 0, 0, D13, D12. Column 10 contains the 
equivalent of D11 thru D8, column 11 contains D7 thru 
D4, and column 12 D3 thru DO. These four hex characters 
program ail 14 outputs for Beat 0, Rhythm 0. The next 
four hex characters program the information for Beat 1, 
and so on. The first card contains -a total of 64 hex 
characters, equivalent to the data for the first 16 beats 
of Rhythm 0. The second card programs the remaining 
16 beats. The remaining Rhythms are programmed in 
numeric sequence. At two cards per Rhythm, a total of 
32 cards are required. 


PAPER TAPE FORMAT 

The programming of paper tape is nearly identical to 
card punch programming. Information is grouped in 32 
lines of 64 hex characters, each.line terminated with a 
carriage return.and line feed. Note that blanks and card 
numbers are not included. The hex characters and the lines 
follow the same sequence as card punch format. 

The software program which reads the tape recognizes 
the first carriage return and line feed as the start of data. 
Therefore, the customer has the option of using the first 
characters of the tape for internal identification, termin- 
ating with acarriage return and line feed, thereby initiating 
data entry. 


“Note: Motorola can accept magnetic tape and truth table formats. For further information contact your local Motorola sales representative. 
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MCM6550 (continued) 


The coding format below is given for your convenience 


in preparing character information for MCM6550 pro- 


TRANSMIT THE INFORMATION TO MOTOROLA. Re- 
fer to the Custom Programming instructions for detailed 


gramming. THIS FORMAT IS NOT TO BE USED TO procedures. 


RHYTHM SELECT (0-15) BINARY TO HEXADECIMAL 
CONVERSION 
Binary Coding Hex Coding fuse] | | LSB 






Hexadecimal 
Character 


jo) 
fo} 


Oo } O 1013 
D117 D10]}] D9 
D7 06 5 
D3 D2 01 
ie) ie) 

0 











ie) 
fe) 
ce) 
ie) 
ie} 
ie} 
ie} 
1 
1 
1 
1 
1 
1 
1 
1 


masas~u4gaQ00-7-==-000 
=m =A0CO-42002+20044 

~O-0=0-0-0-0=02 
TNMMOOQODMWPOCWNDANAWNHO 


1= VoL 
O0= VOH 





MCM6550 (continued) 


PACKAGE DIMENSIONS. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 699-04 


NOTES: 

1, LEADS WITHIN 0.13 mm (0.005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE,AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO INSIDE 
OF LEADS (MEASURED 0.51 mm 

. , (0,026) BELOW PACKAGE BASE) 








_t 
N 
aa Zeige alley ah ee jal 




















P SUFFIX 
PLASTIC PACKAGE 
PIN ASSIGNMENT CASE 711-01 
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MCM6560 
MCM6561 
MCM6562 


MOS 


(N-CHANNEL, LOW THRESHOLD) 


8192-BIT BINARY ADDRESSABLE 
READ ONLY MEMORIES 


8K BINARY ADDRESSABLE 
READ ONLY MEMORIES 


The MCM6560 is a mask programmable 8192-bit static Read 
Only Memory fabricated with N-Channel metai gate technology. A 
single mask provides memory organization and two programmable 
Chip Selects. The Chip Select decoding allows up to four MCM6560 
devices to be wire-O Red without external decoding. 

Static Operation 


TTL Compatibility 

Compatible with CMOS Operating at 5.0 V 

3-State Outputs for Wired-OR Capability 

Two Organizations: 1024 x 8 or 2048 x 4 

350 ns Maximum Access Time 

Standard +5.0 V,+ 12 V and -3.0 V Power Supplies 


The MCM6561 and MCM6562 are organized as 1024 x 8 bits 
and pre-programmed with six character conversion codes: ASCII to 
Selectric, EBCDIC, anda modified 8-bit Hollerith; Selectric to ASCII, 
EBCDIC to ASCII, and a modified 8-bit Hollerith to ASCII. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684 


Selectric is a registered trademark of IBM. 





P SUFFIX 
PLASTIC PACKAGE 
ABSOLUTE MAXIMUM RATINGS 1 (voltages referenced to Vgg) CASE 709 





Vec -0.3 to +6.0 
Vpob -0.3 to +15 
VeB -10 to +0.3 


Vv 
Oo 


de 
Cc 
¢ 


PIN ASSIGNMENT 


Option A (1024 x 8) 


Option B 
(2048 x 4) 


Storage Temperature Range -55 to +125 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 


BLOCK DIAGRAM 
(8-OUTPUT OPTION) #(4-OUTPUT OPTION) 


AO Al 
24 23 


Address F Output 
*MCM6561 and MCM6562 are pre-programmed to 


be selected with alow input at CS. 


Decode Buffers 





#D2 
#D3 


: AQ is least significant bit. Chip 
AQ (#A10) most significant bit. Vec = Pin 2 
DO is least significant bit. Vpp = Pin3 


D7 (#D3) most significant bit. 21 22 Vss = Pin 12_ 
cso cs1 Ves= Pin 


This device contains circuitry to protect the 
inputs against damage due to high static voit- 
ages or electric fields; however, it is advised that 


normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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MCM6560, MCM6561, MCM6562 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs). 





Parameter 


Supply Voltage Vpb 
Vcc 

Vss 

- VeB 





Input Logic ‘'1’’ Voltage (Driven by TTL) Vin" 3.0 
(Driven by Other Than TTL) 4.0 


*A 4.0 V Vip is required at the chip regardless of the type of driver used. However, internal MOS pullup devices on the chip can pull one TTL 
driver from 3.0 V to 4.0 V, without affecting access time. These pullup devices may not pull non-TTL drivers above 3.0 V. 


DC CHARACTERISTICS 


. Characteristic 






























Symbol [Min] 


We 
NH 
lou 
Vou 
OH 


‘pp 








Input Forward Current 
(Vi, = 0.4 Vdc) 


Input Leakage Current 
(Viy = 5.25 Vde, Voc = 4.75 Vde) 


= 
Output Leakage Current (High Impedance) 
































Output Low Voltage 
(loy = 1.6 mAdc) 
Output High Voltage 
(loH = ~40 wAdc) 
Power Supply Current 














Power Dissipation 








Characteristic 












Input Capacitance 
(f = 1.0 MHz) 

Output Capacitance 

(f = 1.0 MHz) 





AC CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 
{All timing with t,,t¢ = 20 ns; Load = 1 TTL Gate (MC7400 Series), CL = 30 pF] 
TIMING (Typical values measured at 25°C and nominal supplies) . 


Symbol 
Address Access Time (See Figure 1A) 


Output Select Time (See Figure 18) 
Output Deselect. Time (See Figure 1B) | top| 


FIGURE 1 — TIMING DIAGRAMS 





A. ADDRESS ACCESS TIMING DIAGRAM B. CHIP SELECT TIMING DIAGRAM 
(Chip Selected) : (Addresses Established) 
- 


Address 


N 
Input . 


7 tace tace 
Output +1.5V : 


Note: Row Select inputs are , F 
set in adc state. WE Output Not defined — High | mpedance 
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MCM6560, MCM6561, MCM6562 (continued) 


F 


icc, SUPPLY CURRENT (mA) 


Isink, OUTPUT SINK CURRENT (mA) 


tace, ADO RESS ACCESS TIME (ns) 


IGURE 2 — Vcc SUPPLY CURRENT versus TEMPERATURE 


3077 T__JWaximumtimn?] | | | | | | | | 
a a ee a 


Ete Be ees Ps a 
A | 13.2]5.25|-2.7 
B | 12.0) 5.0 |-3.0 
c_| 10.84.75] -3.3 

















50 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — OUTPUT SINK CURRENT versus 
OUTPUT VOLTAGE 


ea 





40 



































0 1.0 2.0 3.0 4.0 5.0 
OUTPUT VOLTAGE (VOLTS) 


FIGURE 6 — ADDRESS ACCESS TIME versus Vpp 
SUPPLY VOLTAGE 















































Vop, SUPPLY VOLTAGE (VOLTS) 





‘FIGURE 3 — Vpp SUPPLY CURRENT versus TEMPERATURE 


Te oe Chel 










A | 13.2[5.25 
B | 12.0} 5.0 
C {10.844 


-2.7 





oy 
co 








Ipp, SUPPLY CURRENT (mA) 
a 

















“0 10 20 30 40 50 60 70 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — OUTPUT SOURCE CURRENT versus 
OUTPUT VOLTAGE 


























‘source, OUTPUT SOURCE CURRENT (mA) 




















0 1.0 2.0 3.0 4.0 5.0 
OUTPUT VOLTAGE (VOLTS) 


FIGURE 7 — ADDRESS ACCESS TIME versus TEMPERATURE 


Von =12V 
Veco =5.0V 
Vep =-3.0V 


tac. ADDRESS ACCESS TIME (ns) 





Ta, AMBIENT TEMPERATURE (°C) 
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MCM6560, MCM6561, MCM6562 (continued) 


MEMORY OPERATION (Using Positive Logic) 
Most positive level = 1, most negative level = 0 


Address 

To select any location, apply the appropriate binary 
code to the Address inputs AO thru AQ (1024 x 8) or 
A10 (2048 x 4). The output data will remain valid as 
long as the Address and Chip Select (CS) inputs remain 
stable and valid. 
Chip Select (CS) Inputs 

Each CS input may be programmed for a don’t care, 
logic ‘1’, or logic ‘’0’’ operation when the custom mem- 
ory mask is generated. The CS inputs enable the output 
devices and give valid output data when they are at the 
programmed fogic level. With the CS inputs at a false 
logic level, the outputs assume a high impedance state. 
By programming the CS inputs, up to four MCM6560 
devices may be operated in parallel without adding ex- 
ternal circuitry. ; : 


Address Access Time, tacc 

The time delay. between the latest change in any Ad- 
dress input and the corresponding change on any Output 
line with all other inputs held stable and the chip selected. 
Output Select Time, tos 

The time delay between activation of CS inputs and 
the appearance of valid data on any Output line with all 
other inputs held stable. 
Output 

For these devices positive logic levels are assumed. 
When the outputs are disabled, a high impedance state is 
present. 








PACKAGE DIMENSIONS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684-04 











UU ie 


" SEATING PLANE 


NOTES: 
1, LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 


rm MILLIMETERS ai 
| MIN | MAX] 


29.34 | .30.86 1.215 














12.70 | 14.22 0.560 PLANE WITH MAXIMUM 
E+ 30s 3.94] 0.120 | 0.155 | MATERIAL CONDITION. 
0.38 0,015 | 0.020 | 2. LEAD NO. 1 CUT FOR 
| F | 0.89[ 1.40] 0.035 | 0.055 | IDENTIFICATION, OR 
| G | 254BSC’ | (0.100 BSC BUMP ON TOP. 
LW | 0.897 7.40] 0.035 [ 0.055 | 3. DIM “L” TO INSIDE 






OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 





Jj 
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P SUFFIX 
PLASTIC PACKAGE 
CASE 709-01 














qi a L 4 s By 


PLANE 


NOTES: 

1, LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA 
AT SEATING PLANE AT 
MAXIMUM MATERIAL CON- 
DITION. (DIM. “D”) 

2. DIM “L TO CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

















MCM6560, MCM6561, MCM6562 (continued) 


CUSTOM PROGRAMMING FOR MCM6560 


By the programming of a single photomask for the 
MCME6560, the customer may specify the pin assignment 
option (1024 x 8 or 2048 x 4), the content of the 
memory and the method of selecting the outputs. 

Information for custom memory content may be sent 
to Motorola in the following forms, in order of preference: * 

1. Hexadecimal coding using IBM Punch Cards 

(Figures 8 and 11). 
2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figures 9 thru 11). 

As Figure 11 indicates, a zero programmed in the mem- 

ory appears at Dy as VOL. A programmed one appears 


as VOH. 

To specify the pin assignment option and to program 
the mode of selecting the chip, the information in Fig- 
ure 12 is required. This information must be in written 
form and must accompany the punched cards or paper 
tape. (A copy of Figure 12 may be used for this purpose.) 
For example, the MCM6561L is pre-programmed to pin- - 
out option A and true Chip Select option |. 


*Note: Motorolacan accept magnetic tape and truth table formats. 
For further information contact your local Motorola sales 
representative. 


FIGURE 8 — CARD PUNCH FORMAT 





Columns 
12--75 
77.--78 
79 -- 80 


Option A (1024 x 8) 

Column 12 on the first card contains the hexadecimal 
equivalent of bits D7 thru D4 of byte 0, while column 
13 contains the hexadecimal equivalent of bits D3 thru 
DO. Columns 14 and 15 contain byte 1, columns 16 and 
17 byte 2, and so on. 

The first card contains the first 32 bytes. Columns 12 
and 13 on the second card wil! contain byte 32 (the 
33rd byte). A total of 32 cards will contain 1024 bytes 
of 8-bits. 


Hexadecimal data coding 
Card number (starting 01) 
Total number of cards (32) 


Option B (2048 x 4) 

Column 12 on the first card contains the hexadecimal 
equivalent of byte 0, bits D3 thru DO. Column 13 contains 
the hexadecimal equivalent of byte 1, column 14 byte 2, 
and so on, 

The first card contains the first 64 bytes. Column 12 
on the second card will contain byte 64 (the 65th byte). 
A total! of 32 cards will. contain 2048 bytes of 4 bits. 





FIGURE 9 — PAPER TAPE FORMAT. 


Frames 
Leader 
1toM 
M+1,M+2 


Blank Tape 

Allowed for customer use (M <64) 
CR; LF (Carriage Return; Line 
Feed): 

First line of pattern information 
(64 hex figures per tine) 

CR; LF 

Remaining 31 lines of hex figures, 
each line followed by a Carriage 
Return and Line Feed 


M+3toM+66 


M +67,M +68 
M+69toM+ 2112 


Blank Tape 


Frames 1 to M are left to ‘the customer for internal 
identification, where M <64. Any combination of alpha- 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 
start of data entry. (Note that the tape cannot begin 
with a CR and/or LF, or the customer identification will 
be assumed to be programming data.) 


Option A (1024 x 8) 
Frame M + 3 contains the hexadecimal equivalent of 


bits D7 thru D4 of byte 0. Frame M + 4 contains bits 
D3 thru DO. These two hex figures together program byte 
0. Likewise, frames M + 5 and M + 6 program byte 1, 
while M + 7 and M + 8 program byte 2. Frames M + 3 to 
M + 66 comprise the first line of the printout and program, 
in sequence, the first 32 bytes of storage. The line is 
terminated with a CR and LF. 


Option B (2048 x 4) 

Frame M + 3 contains the hexadecimal equivalent 
of byte 0, bits D3 thru DO. Frame M + 4 contains byte 1, 
frame M + 5 byte 2, and so on. Frames M + 3 toM + 66 
sequentially program bytes 0 to 31 (the first 32 bytes). 
The line is terminated with a CR and LF. 
Both Options 

The remaining 31 lines of data are punched in sequence 
using the. same format, each line terminated with a CR 
and LF. The total 32 lines of data contain 32 x 64 or. 
2048 characters. Since each character programs 4 bits of 
information, a full 8192 bits are programmed. 

- As an example, a printout of the punched tape for 

Figure 13 would read as shown in Figure 10 (a CR and - 
LF is implicit at the end of each line). 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 10 — PRINTOUT OF PUNCHED TAPE 


CUSTOMER IDENTIFICATION USING ONLY ALPHANUMERIC CHARACTERS 
A#B1B2333587 3688 BASBFA39 | 2938E8 47478 EEFS6SEAEB6E3 6CES IEECSAGAG3IB 


2 LED2EF6277269E1 6FF38B779 98 D068 SB6AE7BDE6FGBB7IACAFFOIE2DIAG9S7FF 
ABT DCOASASA6BEAAZ4A9 SA28 1211858 ADADE AESSCS444BC3CC48 1LE429CBA1 7990 
3 C4D2ES622D2C0941 CF538CD7 1 DS DBE BBCA47 SBCE6SB3ADIACSFSIIESF1 4090 FOR 


MSB LSB 
D7 D6 D4 | Hexadecimal |. 
FIGURE 11 — BINARY TO HEXADECIMAL CONVERSION D3 | b2 DO | __Character 
0 0 


0 









0= VOL 
1=VOH 


meee eaeo 2 CQCOO0O C0000 S0 
|eaen~4 0 0C0O0O0732-2000 
“~O7-0+0+=0-0-;0+2024 
mMmMOoaOWPHWO AN ANMAWN = 


FIGURE 12 — FORMAT FOR PROGRAMMING GENERAL OPTIONS 


ORGANIZATIONAL DATA 
MCM6560 MOS READ ONLY MEMORY 


Customer 
Customer Part No. 


Pin-Out Option: (4 (1024 x 8) 


(] 8 (2048 x 4) 


True Chip Select options: 


Q 
bl 


1 is most positive input 


O is most negative input 


X is no connection or 
don't care situation 


xxx 44200 
o- = 0 = 08 
a ° 


bpoooooo 





MCM6560, MiCM6561, MCM6562 (continued) 


MCM6561 and MCM6562 CODE CONVERSION 


ADDRESS (A) - CODES 


te) ASCII 
128 Selectric | 
256 ASCII 
512 Hollerith 

640 ASCII — 
896 EBCDIC 










The MCM6561 and MCM6562 binary ROMs are organ- 
ized as 1024 words of 8 bits. The devices are pre-program- 
med and contain the code conversions shown to the right. 
CSO = CS1 = 0. 


Selectric 
ASCII 
Hollerith 
ASCII 
EBCDIC 
ASCII 





































Example: 






Tables’ 13 through 18 present the coding used in the 
MCM6561 and MCM6562. The addresses are given both in 
decimal and hexadecimal form in these figures. The outputs 
are given in hexadecimal form only. The format is illus- 
trated in the example to the right. 


Address 


A10...A0 
2349 000000101114 | 011000115 


2310 16 6316 





Output 









Oo 
N 
° 






Table Format 


FIGURE 13 — SELECTRIC LINE CODE TO ASCII CODE 



































































































Output Output Output Output 
MCM6561 MCM6561 MCM6561 MCM6561 
Address MCM6562 MCM6562 Address MCM6562 Address MCM6562 
0 0 96 60 3c 
1 1 97) 61 4D 
2 2 98 62 2E 
3 3 99 63 56 
4 4 100 64 22 
5 5 101 65 D2 
6 6 102 66 cg 
7 7 103 67 41 
8 8 104 . 68° CF 
9 105 69 53 
A 106 6A oc . 
B 107 6B D7 
c 108 6C 1D 
D 109 6D 8D 
E 110 _6E 88 
F 114 6F 00 
16 10 50 D4 112 70 CA 
17 11 51 Dg © 113 | #71 | 47 
18 12 52 46. 114 72 2B 
19 13 53 85. 115 73 C6 
20 14 54 ch | 116 74 _ 50 
21 15 55 44 117 75 3A. 
22 16 D1 
23 17 
24 18 
25 19 
26 1A 
27 1B 
28 1C 
1D 
1E 





~_ 
n 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 14 — ASCII TO SELECTRIC LINE CODE 


Output Output . Output Output 
MCM6561 MCM6561 MCM6561 MCM6561 
MCM6562 ; MCM6562 MCM6562 Address MCM6562 


























FIGURE 15 — MODIFIED 8-BIT HOLLERITH TO ASCII 


address [RcMés67[moMes62| 
55 55 
















Address | MCM6561] 





Address | MCM6561| 





256 


| Output 
Mcmese2 
20 . 20 





jmcmesé2 
16 














































16 136 17 17 
257 31 93 97 56 1B 1B 
94 138 88 90 
95 139 89 91 
96 13A| 8A 92 
04 13B 8B 93 
98 13C 8c 94 
99 13D 05 05 
9A 13E 06 06 
9B 13F 07 07 
14 140 2D 2D 
15 141 4A 4A 
. 9E 
1A 
30 
2F 
53 





54 






(continued) 
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MCM6560, MCM6561, MCM6562 (continued) - 


FIGURE 15 — MODIFIED 8-BIT HOLLERITH TO ASCI! (continued) 


Tene] Toupee] 
MCME56! rsa i Tee ee cea 
466 


























[ue | 








(continued) 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 16 — ASCII TO MODIFIED 8-BIT HOLLERITH (continued) 


[output [Output | [Output T_output J 
acre [ENGST MEMES Astron [ines tea] astm | NEED TERE 


[Output | Output | Output }_—_Oxtput_ 
Address_|MCM6561|MCM6562|_ Address jmemesex|meMese2 Address MoMOSsy NCAREEEE Address momeser|momess2 
00 00 





(continued) 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 17 — EBCDIC. TO ASCIEt (continued) 


Pee ee see ation eso 
E7 Pig 56 


erat J [cee = [out 
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MCM6560, MCM6561, MCM6562 (continued) 


APPLICATIONS INFORMATION 


The ‘Spieetiic code contained in the MCM6561/62 is the - 


IBM Correspondence Selectric Line Code. This code, which 
is defined by bits B, A, 8, 4, 2, 1, is transmitted over the 
telephone line by the IBM Selectric Terminal #2741. If 
the typewriter bail code (R1, R2, R2A, R5, T1, T2) is 
required, then it is necessary to convert the Selectric code 
to bail and vice versa as shown in Figures 19 and 20. 

The EBCDIC to ASCII code converter requires an 
inverter gate on address A7 as shown in Figure 21. 

To accommodate the full 12-bit Hollerith to ASCII 
code conversion, the MCM6561/62 requires additional! 


logic to condense the first 7 address bits of the Hollerith 


code into the 3 least significant address bits of the ROM 
as given in Figure 22; Figure 23 illustrates how the 8 
output bits of the ROM can be converted to the 12-bit 
Hollerith code by employing a standard decoder (MC4006). 

The MCM6560-62 requires three power supplies: -3.0 
voilts,:+5.0 volts, and +12 volts. The memory requires only 


FIGURE 19 — SELECTRIC LINE CODE TO BAIL 
CODE CONVERSION 





small currents from the.-3.0 volt supply: such that charge 
pump techniques using +5.0 volts can be used. Figure 24 
shows a supply circuit that wall generate the required 
-3.0 volts for Vag. 

When powering this device en laboratory or system 
power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or:device failure-can result. Some 
power supplies exhibit spikes or ‘glitches’ on their outputs 
when the ac power is switched on and off. For example, 
the bench power supply programmed to deliver +12 volts 
may have large transients. below ground when the ac power 
is switched on and off. If this possibility exists, it is 
suggested that the user switch the dc side of the power 
supply or protect the device power. pins (+12, +5.0 and 
~3.0 voit) against reverse biasing with clamp diodes. A 
hot carrier diode such as the MBD501- is suggested ‘for 
this purpose. 


FIGURE 20 — BAIL CODE TO SELECTRIC LINE 
CODE CONVERSION 








‘FIGURE 21 — EBCDIC TO ASCII CODE CONVERSION 


EBCDIC 


8 
7 
6 
e 
4 
3 
2 
1 


MCM6561 or 
MCM6562 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 22 — HOLLERITH TO ASCII CODE CONVERSION 


MCM6561 or 
MCM6562 


7-Bit ASCII Code 


12-Bit 
Hollerith 
Code 


> 
b- 
| > 
>< 1% MC7420 
> 
| > 
> 


11/6 MC 7404 





FIGURE 23 — ASCI! TO HOLLERITH CODE CONVERSION 


MCM6561 or 
MCM6562 


12-Bit 
Hollerith 
Code 


o 


MC4006 


ee 
> 
? 
> 
Be 
ee 
> 


1 1/6 MC7404 
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MCM6560, MCM6561, MCM6562 (continued) 


FIGURE 24 — SUBSTRATE BIAS CHARGE PUMP SUPPLY 


1/6.MC7404 
2 0.001 uF 


1/6 MC7404. | 9 901 ur 


100 pF 


D = Germanium diodes 





3-26 





MCM6570 
MCM 6571 
MCM6571A 
MCM6572 
thru 


-MCM6579 

































8192-BIT READ ONLY MEMORIES 
ROW SELECT CHARACTER GENERATORS 





MOS 


‘ (N-CHANNEL, LOW THRESHOLD) 
The MCM6570 is a mask-programmable 8192-bit horizontal-scan (row 
select) character generator. !t contains 128 characters in a 7 x 9 matrix, and 
has the capability of shifting certain characters that normally extend below 
the baseline, such as j, y, g, p, and q. Circuitry is supplied internally to 
effectively lower the whole matrix for this type of character — a feature 
previously requiring external circuitry. 

A seven-bit address code is used to select one of the 128 available char- 
acters. Each character is defined as a specific combination of logic ‘1'’s and 
“O's stored in a 7 x 9 matrix. When a specific four-bit binary row select code 
is applied, a word of seven parallei bits appears at the output. The rows can be 
sequentially selected, providing a nine-word sequence of seven parallel bits 
per word for each character selected by the address inputs. As the.row select in- 
puts are sequentially addressed, the devices will automatically place the 7 x 9 
character in one of two pre-programmed positions on the 16-row matrix, with 
the positions defined by the four row select inputs. Rows that are not part of 
the character are automatically blanked. : i 

The MCM6571, MCM6571A, and MCM6572 thru MCM6579 are pre-pro- 
grammed versions of the MCM6570. They contain various sets of characters 
to meet the requirements of diverse applications. The complete patterns of 
these devices are contained in this data sheet. 


8K 
READ ONLY MEMORIES 


HORIZONTAL-SCAN 
CHARACTER GENERATORS 
WITH SHIFTED CHARACTERS 













L SUFFIX 
CERAMIC PACKAGE 
CASE 684 










Static Operation 
@ TTL Compatibility 

© CMOS Compatibility (5 V) 

¢ Shifted Character Capability (Except MCM6572, MCM6573) 


@ Maximum Access Time = 500 ns 









P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


Vec 0.3 to +6.0 
Vpb O03tot+15 — 
Vv -10 to +0.3 PIN ASSIGNMENT 


BB 
Data Input Voltage ; -0.3 to +15 
Storage Temperature Range -55 to +125 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. : 


Supply Voltages 










Memory 
Address Matrix Output 


Decode (8064) Buffers 





Shift 
Control 
Matrix 
BLOCK (128) Vee =Pin2 
DIAGRAM Vop = Pin3 
Vss = Pin 13 
Veep =Pin1 


This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 


normal! precautions be taken to avoid application 
of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 


RSO RS1 RS2 RS3 
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MCM6570 thru MCM6579 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vs). 


Vpopb 


Supply Voltage 





driver from 3.0 V to 4.0 V, without affecting access time. These pullup devices may not pull non-TTL drivers above 3.0 V. 


DC CHARACTERISTICS: 


Characteristic 


Input Forward Current 
(Vip = 0.4 Vde)  ” 
Input Leakage Current 
(Vip = 5.25 Vde, Voc = 4.75 Vde) 


Output Low Voltage (Blank) 
(lo_ = 1.6 mAdc) 


Power Supply Current 












CAPACITANCE (Periodically sampled rather than 100% tested) 


(f = 1.0 MHz) 
(f = 1.0 MHz) 


AC CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 
[Al timing with t,,t¢ = 20 ns; Load = 1 TTL Gate (MC7400 Series), CL = 30 pF] 


TIMING (Typical vatues measured at 25°C and nominal supplies) 


_ | Address Access Time (See Figure 1A) ; 
Row Select Access Time (See Figure 18) | tacc(RS) | 





FIGURE 1 = TIMING DIAGRAMS . 


- A. ADDRESS ACCESS TIMING DIAGRAM B. ROW SELECT ACCESS TIMING DIAGRAM 


~ —__ 
Address Row Select 


af Input 


-- tace(A) tacc(A) i tacc(RS) tace(RS) 
Output +1.5V Output +1.5V 


Note: Row Select inputs are Note: Address inputs are 
set ina dc state. Bays : set in a dc state. 
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MCM6570 thru MCM6579 (continued) 


FIGURE 2 — Vcc SUPPLY CURRENT 
versus TEMPERATURE 














icc, SUPPLY CURRENT (mA) 


Veg =-3.0V 








0 10 20 30 40 50 60 
Ta, AMBIENT. TEMPERATURE (°C) 


FIGURE 4 — OUTPUT SINK CURRENT 
versus OUTPUT VOLTAGE 

















OUTPUT SINK CURRENT (mA) 





























0 1.0 2.0 3.0 4.0 
QUTPUT VOLTAGE (VOLTS) 


FIGURE 6 — ACCESS TIME versus 
Vpp SUPPLY VOLTAGE 


“\waxiMUuM LIMIT 








SPECIFIED OPERATING 


5.0 





RANGE 




















tace, ACCESS TIME (ns} 


























Vpp, SUPPLY VOLTAGE (VOLTS) 





FIGURE 3 — Vpp SUPPLY CURRENT 
versus TEMPERATURE 
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MCM6570 thru MCM6579 (continued) 


MEMORY OPERATION (Using Positive Logic) 


Most positive level = 1, most negative level = 0 


Address 

To select one of the 128 characters, apply the appro- 
priate binary code to the Address inputs (AO thru A6). 
Row Select 


To select one of the rows of the addressed character to 
appear at the seven output lines, apply the appropriate 
binary code to the Row Select inputs (RS1 thru RS4). 


Shifted Characters 


These devices have the capability of displaying char- 


acters that descend below the bottom line (such as lower 
case letters j, y; g, p, and q). Internal circuitry effectively 
drops the whole matrix for this type of character. Any 
character can be programmed to occupy either of the two 
positions in a 7 x 16 matrix. (Shifted characters are not 
available on MCM6572 or MCM6573.) 


Output 


For these devices, an output dot is defined as a logic 
“1” level, and an output blank is defined as a logic 0” 
level. 


DISPLAY FORMAT . 


Figure 8 shows the relationship between the logic 
levels at the row select inputs and the character row at the 
outputs. The MCM6570.allows the user to locate the basic 
7 x 9 font anywhere in the 7 x 16 array. In addition, a 
shifted font can be placed anywhere in the same 7 x 16 
array. For example, the basi¢é. MCM6571 font is estab- 
lished in rows R14 thru R6. All other rows are auto- 
matically blanked. The shifted font is established in rows 
R11 thru R3, with all other rows blanked. Thus, while 
any one character is contained in a 7 x 9 array, the 


MCM6571 requires a 7 x 12 array on. the-CRT screen: 


to contain both normal and descending characters. Other 


uses of the shift option may require as much as the full 
7 x 16 array, or as little as the basic 7 x 9 array (when no 
shifting occurs, as in the MCM6572). 


The MCM6570 can be programmed to be scanned either 
from bottom to top or from top to bottom. This is 
achieved through the option of assigning row numbers in 
ascending or descending count, as long as both the basic 
font and the shifted font are the same. For example, an 
up counter will scan the MCM6571 from bottom to top, 
whereas an up counter will scan the MCM6571A from top 
to bottom (see Figures 14 and 15 for row designation). 


FIGURE 8 — ROW SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM6571 AND MCM6572 


ROW SELECT’ 
TRUTH TABLE 


oooooounDogocoOsgo0oOn0gO 
oooo0000008000B80 
oooooooooos8000B8D 


ca 
fe) 
ie) 
[e) 
{¢) 
[e) 
0 
Oo 
0 





oO 
a 
a 
a 
a 
a 
a 
a 
a 
a 
Oo 
a 
oO 
QO 
oO 
i) 
D 


oa 


oooo000g0cogs800080 
oo0o0ooogOoOBs8DO00BOD 
OQOOOO0OO0OBSBD 


00 
920 
e000 
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OoOmseeeeeesocooo 
ooOou0DOsoOsoocoO 
DooDooDosoUOoOOosoo0oo 


MCM6572 


ROW 
NO. 


RO 
R1 
R2 
R3 
R4 
RS 
R6 
R7 
R8 


ooooocosoooOosoooo 
oo00000s0 000soo000 
° geeaneeeee 
oOopoosoocos 
Oooosoooea 
oouosooos 
oooosooos 

» Gooosooos 

3 ooooCmESO 

9 emeeeeeed 
oooososoo 
oOoosooosC 
ooosoooso 
coosouoso 

5 Dooossesoco 

8 Goooooo0o0a0 


OOOoOO00OssseEsg0D0000 
oooooo0000000000 


iw] 
o 
Oo 
°o 





MCM6570 thru MCM6579 (continued) 


CUSTOM PROGRAMMING FOR MCM6570 


By the programming of a single photomask, the cus- 
tomer may specify the content of the MCM6570. En- 
coding of the photomask is done with the aid of a com- 
puter to provide quick, efficient implementation: of the 
custom bit pattern while reducing the cost of implemen- 
tation. 

Information for the custom memory content may. be 
sent to Motorola in the following forms, in order of 
preference: * 


1. Hexadecimal coding using IBM Punch Cards (Figures _ 


_ 10 and 11). 
2. Hexadecimal coding using ASCII Paper Tape Punch 
(Figure 12). 


Programming of the MCM6570 can be achieved by 
using the following sequence: 

1. Create the 128 characters in a 7 x 9 font using 
the format shown in Figure 9. Note that information at 
output D6 appears in column one, D5 in column two, 
thru DO information in column seven. The dots filled in 
and programmed as a logic “1” will appear at the outputs 


convenience; they are not to be submitted to Motorola, 
however.) 

2. Indicate which characters are shifted by filling in 
the extra square (dot) in the top row, at the left (column 
S). 

3. Convert the characters to hexadecimal coding treat- 
ing dots.as ones and blanks as zeros, and enter this infor- 
mation in the blocks to the right of the character font 
format. High order bits are at the left, in columns S and 
D3. For the bottom eight rows, the bit in column S must 
be zero, so these locations have been-omitted. For the 
top row, the bit in column S will be zero for an unshifted 
character, and one for a shifted character. 

4. Transfer the hexadecimal figures either. to SuaBhed 
cards (Figure 10) or to paper tape (Figure 12). 

5. Assign row numbers to the unshifted font. These 
must be nine sequential! numbers (values O thru 15) as- 
signed consecutively to the rows. The shifted font is 
similarly placed in any position in the 16 rows. 

6. Provide, in writing, the information indicated in 
Figure 13 (a copy of Figure 13 may be used for this 





as VOH; the dots left blank will be at Voy. (Blank _ purpose). Submit this information to Motorola together 
formats appear at the end of this data sheet for your with the punched cards or paper tape. 


FIGURE 9 — CHARACTER FORMAT FIGURE 10 — CARD PUNCH FORMAT 


Character Number (CusromMeRr. Inpur) Columns 


LSB HEX 1-10 Biank 

11 Asterisk (*) 

12-29 Hex coding for first character 
30 Stash (/) 

31-48 Hex. coding for second character 
49 Slash (/) 

50 - 67 Hex coding for third character 
68 Slash (/) 

69-76 Blank 

77-78 Card number (starting 01; thru 43) 
79-80 Blank 


P:] 

= 

0 
OO 
00 
OO 


ORgeoOoOo 
sooosgo00 
weooosgoo 
9080800 
oomo000 
OBOB8O00 
Smoo0og8o 


MOAN SMIEFED 


“a 
iv] 
>) 
17] 
b 


Column 12 on the first card contains the hexadecimal equivalent 
of column S and D6 thru D4 for the top row of the first character. 
Ri Column 13 contains D3 thru DO. Columns 14 and 15 contain the 


Character Number€ CUSfeMER Inpur) 


MSB LSB HEX 


information for the next row. The entire first character is coded in 
columns 12 thru 29. Each card contains the coding for three char- 
acters. 43 cards are required to program the entire 128 characters, 
the last card containing only two characters. The characters must be 
programmed in sequence from the first character to the last in 
order to establish proper addressing for the part. As an example, the . 
first nine characters of the MCM6571 are correctly coded and 
punched in Figure 11. 


R10 
R4 
R®@ 
R7 
R6 
RSs 


SWIFTEO 
CBS 02 0 Oo od 
OORBOO0BO 





*Note: Motorola can accept magnetic tape and truth table formats. For further information contact your local Motorola sales representative. 
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MCM6570 thru MCM6579 (continued) 


FIGURE 11 — EXAMPLE OF CARD PUNCH FORMAT 
(First 9 Characters of MCM6571) 


| 
OOOORMESTEEPO Con ncoocCOFocoocodocooo dO Re Go gho ooocococn GoGo ho ¥Poovnv000§oon 
ie ie) er eS es ee ce eres ee te ee te teks te Le) eT eT 
1 


PP RRRRREReee be CERO be | DRE O ROPER EEEEEOs Deen) bn te he hee RBEEe PRR RBEEEE GE. 
22k 7222 22M 22 2 2 2 2222222822222 2222222222275 22222222 


333333333333933333330333333303330330033330N3333333333333333333030303 9533333333333 
VVUUPUCUYS (VERUUCTEND a | | CUUUeUSEEUUUSCCCUCUT! UUVUVEEED (eve Verrrrsrerrerrrerer 
SSSSSSSS SSS SS TS STS STS S TSS S TTS STS T TSS S SS TTS S HTSUS SSS SSS SSSS USSU SSS SHS SSSSSSS 
BEGEECEEESEGEESEFESESEESESEGEEESEEE SEES EG ESSEGE EGCG MEGEE EEE GSES GFE GEECBGEEEEERGS 


PD ERERAAARERRREE EEE REEEREREEEEEREESEEEEREREE EEE REEEEERREEEEEREEEERREAEEEREEEREEE! 


BSRSSK AKER MESA SSSKRKSSRSESHHKSKSHSHHSHSSKSHEGRGSMSSKSHBKBMSSBRBSBRBBESSBBBREBRB 


9999999999999 
Tree ee] 
STANDARD FORM 5081 





FIGURE 12 ~— PAPER TAPE FORMAT 


Frames 


Leader 
1toM 
M+1,M+2 


Blank Tape 

Allowed for customer use (M<64) 
CR; LF (Carriage Return; Line 
Feed) 

First line of pattern information 
(64 hex figures per line) 

CR; LF 

Remaining 35 lines of hex figures, 
each line followed by a Carriage 
Return and Line Feed 


M+3toM+66 


M+67,M+68 
M + 69 to M + 2378 


Blank Tape 


Frames 1 to M are left to the customer for internal 
identification, where M <64. Any combination of alpha- 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 








start of data entry. (Note that the tape cannot begin 
with a CR and/or LF, or the customer identification will 
be assumed to.be programming data.) 

Frame M + 3 contains the hexadecimal! equivalent of 
column S and D6 thru D4 for the top row of the first 
character. Frame M + 4 contains D3 thru DO. Frames 
M + 5 and M + 6 program the second: row of the first 
character. Frames. M + 3 to M + 66 comprise the first line 
of the printout. The line is terminated with a CR and 
LF. 


The remaining 35 lines of data are punched in sequence 
using the same format, each line terminated with a CR 
and LF. The total 36. lines of data contain 36 x 64 or 
2304 hex figures. Since 18 hex figures are required to 
program each 7 x 9 character, the full 128 (2304 + 18) 
characters are programmed. : : 


FIGURE 13 — FORMAT FOR ORGANIZATIONAL DATA 


ORGANIZATIONAL DATA 
MCM6570 MOS READ ONLY MEMORY 


Customer 
Customer Part No. 
Row Number for top row of non-shifted font 


Row Number for bottom row of non-shifted font 


Row Number for top row of shifted font 
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MCM6570 thru MCM6579 (continued) 


FIGURE 14 - MCM6571 PATTERN 





0101 01140 0111 





06...00 





Qas0ncoo 


os00B8o0 
oogsso00 





ooo0000 


Talal 

@oo0 

[ tafele} 
ocosooo 














oo0e8 | coo! 


ooeoocogcdg | Ooo! 





[als] 
seasens a socooce 


@eoooogs @cococa coocooo 
ioOCo! @ocoooe g@oocooo 
Osgooco00 








oosoo00 
ooosoo00 
oooos800 
ooo0080 
oocoooos 
ooo0000 


ogocooo0: 
oooocooan' 


jot tatatatet i=] i] Oo joo! 
[e[sl 

fela! fal Teta! 0g! 

els] oO [a] [ete] 

io [a] [ul 

fala] [ale] joOmo0! 

fal joo ooe8d 





gaoococsa 
gocoo0cdn' 
oooo0o00aon' 


character. The cheracter is shifted three rows to R11 at the top of the font and R3 at the bottom. 


N 
g 
i 


FIGURE 15 — MCM6571A PATTERN 





gosso000 
Oo8o00800 
ooo8o 


oo00s8o000 
oooocoe8o00 





gooco00 
oogcoo0 
oo900000 
aaa 1} 


os: je] 
soocoso 
gocccea 





i0O@80G | OO#0OscdD | OGocos00G 
COCs | CoOOscosco | ocodoscdO 





oooc0oe | ocoo 

os000ng | coon! 
ooo00 ;| coos@ccs8og 
feet op0oa80 








og) 
oo0gngG! 
00001 


Doosoodae | ofo000 
jelajele) 
ooooon' 


ooooo0og! 


aj 
ioOoooodes | ooocooaoD | go000oc0 
googcg0sc00 














jovo0oce 
oonl0s 


In} oa} oF [=] 
[aj 

[al [a] 
jal {a} 








opeseocjood| ecooo 
fat e000 


@0oc! 








oo000000: 
ooco0000 
aqogcodos 


ooo00a80 


[=f=l 
joo! [=] 
[aj [=] 
[alai [s] ial [s] 
le] [si [sy 
fs] tal 
[sia 





DW = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 
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MCM6570 thru MCM6579 (continued) 


FIGURE 16 — MCM6572 PATTERN** 


goosaqcda 


agacogoo0c 
gaco000D0 


oooconodo 
oooococoa 


poaceecon 


oooodo000D 
oosgcoo00 


gooocooad 


Ee afatetoter ta 
eonooc000s8 


goo0Gc0nDR 
poogo000s8o 
oooocccos 
ougscgcE® 


-| ooo000000 


oobo0000D0 
Qoo0000000: 
oo00c008D2 
aoog000ce 
gooo00008 
onoseseso 


tet ttt fete 


oO 
ie 
[a] 
io 
fe} 
a 
fe] 
fe) 
[s) 
[a] 
fe] 
[s] 
[a] 
is} 
Lt 


oooo000ggG 
ooono00coo 
ooooooooo 


oooo0000a0 
goocon000 
Beenoeoe 


Ogoooocoa 


@ooooco000 
@coood000G 
goooo0000 


ooocoo000 
ocooo00ga0g0 


098000060 |: 


B88 0000Q 


ooooso0008 


coooosos8O 


sooooocce 
ooso000n0 
goo000000 
cooco0000 


ooooo0000 
goo000000 


gooo0c00G 
gooooo0no 


/ DOsoc0so0 


oc0sD8000 
Scooso0c000 


Cesocococoes 
Bocpeccce 


sooococoocos 
omsooccosO 


ooo0000000 
gsoooo0cca 


gsooococos 
oooocc000 





g@eoococooa 
soo0co000 


gcooo00c0 
gsoososoo 


goupeeood sans: 





oocoo0000 
Gpgabeoos 


eocooi 
@coon: 


oooesssso 
ooscooono: 


ao} eocoo 
Je 


ooo0oDI 








0000000090 | cal 
ocooc000c0 | OgessEeES 


** Shifted characters are not used 








FIGURE 17 — MCM6573 PATTERN** 


Qgoo09060 
Somoco0c0 
ocosccoGoa 
Oooo0s0cc0 
agooco0@#0oso0 
oOooo00sGco 
oa00nco0e8a 


Qona09000 
Qonoo000G 
Ogooa00c00 


Ooggo0500 
Ooooooaco 


oocoocoga 
Oocooco00 


ooocecaca 
oo0s08000 


goa0000! 
ooosos: 


oogcococga 
Gooocosno 
ooococo00 


ooooo0ceoO 
eaeagee 


sooococodoes 
Oa@oococ0so 


oooooogdeo 
acl 


goococo0a 
ooooo0000 


[a] 
Omoos8oB800 
goooda000 


Ssusenecen 
oob000000 


@goooo0oc00 
gosogcogs 


cooso0o000 
ooso0c000 


Oge@sqococo 
ecoooso050 
800080000 


ao0oBi oC 


ooo000nocn 
pocossoo0 
oooce0o0co0 


oogoso0o0 
oooson0D0 


gacosocee 
ooocoacno 


ooooss0o0 
ooooc00o0 


coooso000 
ooco00000 


ooooD0080 
pagongees 


Bagopoooo 
o@o0000c0 


[ajejajstelaiele) 
ooocecog 


ogcoogeco 


goo#8o000c0 
Oomooo000 
Oa@ooco0co0 


goo0ogsCcoo 
ooocoos 

doooocoRsD 
goooccoos 
goo0oc000B 


oose@ooo00 
Beecoeoos 





** Shifted characters are not used. 
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FIGURE 18 — MCM6574 PATTERN 


o6...90 


MCM6570 thru MCM6579 (continued) 


















@ j QB@OoOdcSoOG oooconog0gos | oogo000ccc 
ooccaesssc 
Besecsoce 


¢s800B800aC 
ocaccscos 
scomo0s00 
cscosocao 
oaos0080CB8 
g008008600 
cacosoosc 


osocooaco 
oosoo000co 
ooso00000D 
gsgsocoococo 


Oocosogoes | OOCos0usD paposouce fal jeje! lols] Jel 





acosooe! 
osoos8oosO 





bsB...00 








gooooo0c0 


ocoossess oceoogc0a 


Gooo0eo00 
ooooo0o00g00 


gooocoo000a 
000000000 | coo000c00 
oooocedcd j coocogcDo 






@socooococoos 
ogoqo0c0c0 
ooo00oa000. 


go00o000c00 
coonoc0cd 
gapgggeoc 





coosgos8coO 


@eocococcca 
Soo00c0c0D 


ooooeanco 





aqoooo0000 


ooooooded | goog000c0 
oqaoocoadd | sod0000000 
oocoos8000 | a 
ooooso0000 

ocoosoc0000 

cosocoocoo 

o@ooo0oo0oco | oood00000 


Ooocoaoco Bo 900000000 | geo0co0dns | Gcoo00ca0c0 | 900000000 } godo00000 
Bogogsoge 000000000 | Cgcoo0osO 900900008 } bogooo000 
ooosoocoso Eee 

cooos8osco0 

Becaeenad pugeeeecg 
j=] a je} poouscoog 
900000000 oaoocon00 


oo@o0gos00 ooo0090000} aopo00900 
ooosos000 s Oo Sopsoooos 


goo0000D' 








oooo00000 
gonnngond 









ood@cocoo 
oogo00000 
ogooco000 








ooo0go0000 
aooco00c0, 


pooososoo 
ooooc0000 





gogooocoos 
Cg@oo00cosG 
ooso0c0800 

















oo00a8000gG 
ogee 000 


pooooooca 


qqg0oog00G 
ooooqo0000 


@eoooo0cos 








-00 





.O 









OD 
ag000s000 
googgosad 
asae 





e.. 
6. . 





o00008000 


or 
o 












ggqno000g secocoooa 
joOoc00e 


geocosocoos 


oooococ0Ggn 
Sasesseec 
gsooocoondos 
gooo000n0 
oq00coc0 
oooococoBo 
oo000c0000 


.oo 
-b0 








ocosos8o00 
oosocoso0 


06.. 


ooosoBs8000 
oosocosoa 


oogooca0o 
oooo000c0 
200 


















oooo00000 


oooco0000 
ooooceo00 


gsooccoocos 


oooco000n0 
oaoov00a0 


ooo00000a8 Bee 


ooo 





Ot 
a 
[sl 
- 00 





o6... 








oo tee 












fate! z : 
oogcgaaan 3 
ooG' c id 
ooo! wy 
8 900) 
, oo = 
: rte < 
8 1 goco8e0E0 
fs] ae coosoooos a 
rc 
fay 
3 2 9 3 
’ o : 
3 Oo 3 
° 
8 i} a 
: Oooosooos : : 
< oooo000mG a o. 
5 bm a 
ws 
osooos8o0o00 [' a oooosooos 
8 oososcone: 5 8 oopogeos8d 
s 9 
2 w 


goocoo00o0 
Qo000008D 





oed 
soc oocoso80' 
ogoc00000 oooooss0 


ooooscoos 
coooos0a8d 


.00 


os. 


ococsoos8oO 


oooc000ga 
oo0080000 
Ooosooo00 
oooesco0go 
ogooaccogo 
oocos0000 
ocosssess 


cooos@acos oodgo00000 
Ooo0008cHO |: oocgo00000 
Oooocos00 @esco00500 

goooo0000 


-90 














ago0000s 
oooccods 
oqoogcccds 


gocooooooa 
oOgcoocasa 





os. 




















gmoooscoo0oo ooooog00o oooo000c00 
egocoocoa ooocoooces 

g@ogoo000ccdo 

ggocoo0sa 


ena 
Bs 





boocoo00o 
ocooo00gn0 
ooos00000 





goooguc00 
ogoon00009o 


06...00 
eee od sai eee wee a D6...00 aie ave fet me 
els} 
ooo 
tated 
e050 








wv = Shifted character. The cheracter is shifted three rows to R3 at the top of the font and R11 at the bottom. 


vy = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 
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MCM6570 thru MCM6579 (continued) 


MCM6576 PATTERN 


FIGURE 20 — 








opoocccol oo 
pascccass 






joc 
ac 
iGoooros 
coscoce 





oqaoooso0co 
coogoosDoc 
ageeeco coocoocac 





gs0o0Go000G 
felelejelalelele) 


boooo0000 
ococsasas 
oso#sgaoog000 
oso#oooco0 











e0000 
joo000 
aoa 





cooooodas 
fafalajalelelal ty 
oD000G00G 
ooooco0ca 












oocccmoge c 000000609 | cotc0000c0 
oo@scoosoo f Qo00000090 | ocoo000c0 
oo000C0G0s8 | coo0000000 

i @eecosl 

ooo0cco 
oe60900c00 | cag000000 
9cocon000 | ooG000000 


aogo00000G 
oou0ccc0s 
ooosocos0 











oogDoc0DG 
goq0000can0 
sgoo000n000 


@oococoos 
jcoooonDso 
ocosocoos8oo 











wCOS@R@0CC |} DOOB0e000 ocoos0soG 
ocooseco000 aco oo | ooooBoooo 
oog00s80000 | J00000Ced | oo00 fe] 





soeo@ooco | So0900000 


gcsooccooc 
950000050 


Fstetatatatatatel 
ooao0ca0c0 





gooo0Gc000 ooo00c0n0 
oqgo000nG agqgo000c00 
hee pteaels fajalelatelals|al | 





Goouseoee 
ogogosogso fogao0000 
oooose0so ooo000000 








ogooooo0000 
ooss0c000 


ooo000000 
ococssesa8 
oooso0o0c0G 
oooeo0cco 








oopdcooccO 
cooscooce 











oooco#80oso 
ooosocoos 


OoocseEBsO 
oocococos 








gagogggso 


oog080000 
Omooos8scoco 
eo@80ccoeo00 
Ogsoo00c080 


ooo00Gc0000 gooo0o0000G 
gooceoccs goopggos3 





gecoscoso 
ooo000000 











ooo000000 
ooocosoc0s0 
ooo! 


ooocoo0o0 
oooocs00aO 





oooooDn00G ocoooGgGcoD 
eee nonnon coooB80000 





00! 
oonooocos Felstetstetetetets] 
booooc00 sgeccocoo 
ooo000ces ooococeao 






goooo0cocd | Oo0D0000G 
aecagaee goooco0cgs 





ocoooco000 
ooooce000 Dosgoooos 
ooooco0000 | Oo0000000 






The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 








ooo0000og0 
ocooo00000 
ooosog00o 
esacoacoa 





= Shifted character. 


v 





FIGURE 21 — MCM6577 PATTERN 


sooocovec 
Sooosooos 


eccosacoo 
oco000000 


ocoooooo0s 
oooooccds 
ooo000008 


ia} 
oo000000C0 
onogc000f 


oosssesoc 
Osocceccac 


o80G0000G 


Gonc0scd90 
cooogoos00 
ooooogodos8o 


NSCS 


3500) oc 
=ScocescoGa 


goooscoog 
900osc000 
soooscoo0c 


o@000008G 
008000! 
ooo0so0! 
on00s00! 
og0c0sD! 
soscoces! 
ospo000o0! 


aqooooc000 
epossesss 


ooooono000 
oooggac00 
qoeo0ce000 


oogosE8cooo 
ooosos8000 


telatetetetetety 


oooooocco 
oooooag00 
goooocoDs 

@coougso 
ooecooso0 
Sco@os000 
9ongso00ce 


poooco00co 
oso00c0cn00 
pagnog0dg 


Fetarstatetstel 13 
gooo0c00c2 


Gs00CGO00= 
soosoocag 


ooocoocgoc 
cooococoa 


ooseoo0ads 
ooooc0000 


gsooococas 
Ogoocouesd 
oosoo008oc0 
oocsos8o000 
ooooso000 
oot iO 


ooooo0codo 
gooccoccoa 


oopaaesoc 
oe0cooccosa 
goooo0oca 
#0000000! 


eoooco00e 


oOgscoooueo 
gsooocooon: 
@ooooono 
goo0o00000: 
#0000000! 
OB0000ce: 


oogooDooes 


Ftstat tet tateta 
gogosocee 


oa 
fs] 
a 
e 
tel 
Oo 
oO 
a 
i= 
a 
J 
ie] 
Oo} 
oO} 
Qo 
i=] 
e 


ao | COOsCoo | socoo0os foc 


oogo00ccns 
oooo00008 


elefefatet=tertst 


boocoon00o0 
ooocessas 


jageccd 


booseqdeo 


ui 
2 
ol 
a 
ol 
ol 
Q 
3 
a 


ooocgoRa0 
gooo00c0008 
ooosoo0sD 
oooa @00 
oo00cs8000 
O! 





ooooo0oGn9 
ooocceroo 
ocoooo0cccEa 


oo 
gooogoo00 
oooog0000 


opdoo0g00 
goocos8D080 


fatetetet tetet te] 
Bpeeuanses 


OmgoosocosD 


socs00850 
Osoos80080 


oo000g000B8 
Qeoo0coos 


oo0osaseO 


oooococoR 
cocoe@sseo 
Oeomoecos 
ooo! 


ososce on 
oonocosso 


oooo000c0 


Qoco00000 
ooooso0c0ao 


| 4 = Shifted character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 
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MCM6570 thru MCM6579 (continued) 


FIGURE 22 — MCM6578 PATTERN 











Og00000L19 | Og@#00000 ooo000000 
908000000 | socosq0ca0 
goos800008 | socos0000 
qoogsoo0co | s0co0sesoCe 
Gcooogs8ocao | €0oc000n0 
o00000800 j OssqcooocdG 
ooooo0osda | oogonooda 


ooo000000 | coDoecoo0 
ooooco0GO Geoeusoed 

















oosodoe8cdca 
oocosoo000 
goosococa 
EE nepoae. 





ooosoco00 
oooscooco 


Ce eee 
oogoco0coO ogsco00000 
oooson000 oaon00000 


oggoo000co 
gan e0c0 











oocso0cg000 
cCoosseess 


oooocoooo 
oocooco0n0 
ooo000n0S 


gsoccoonoy 
oggooo0o000 
gogooo0nonoa 














op0R0suuUG ogqgoo000 


oogoooBm0D 





cococcooa 
Dscococos 
goococoos 














soo0oa8c00 


oosooo0s800 
oases 


oooo0eooo 





goooco00n 


B000s8000G 
ooo00c00c0 


ooo00B8000 





o 

oooco0sco 
ooGoosC00 
Dpoogso0ea 












oosooocoo 


oooooo00a aggo00000G 
ooosoccos 


OQg@soooo00 gon0o000000 
@ooo0o000 oo0000c0a 








ooaqgooo00 
oaooo0c00 
Oooo00ogoEa 


oouo00000 
oqaooGca0a 








oO0000s 00! 
sseencoso 


oooooe0Ggao 
oogmso0on0) 








@oocG: 













soooococs 
sooocoacas 
soocoocoecca 


gaqcooonso | sOo00ue8s00 
oo800o0ads | socomo0ad 
.] OOOBOOUSO Boneopnos 
pogoseaee 






008000 | Gao 


pocosooca @eoooo0c00 
oooo0000G @ecoo000000 








aQoobo0u000 
goooscgsoO 


ooggDD000 
oooos0Dsao 








sooceDoos 
Osgeeooos8D 


SoosDsoom 
oqooos0os0 


acocaoocad 
ooo0s0000 
Ooosooo00 
oco@ecocoa 


SoospooGs 
oo90osessso 











o0000800G 
cooossEsG 
oooscoocoa 





oboooo0000 
oono0000c0 


ooco00000 
oooco0o000 
oooo00000 





cooaoGc000 
ooooccaGa 
Ooos00000 
iceoco 
iocoa0a0 
jogoocao 








: character. The character is shifted three rows to R3 at the top of the font and R11 at the bottom. 








0 =Sh 


FIGURE 23 — MCM6579 PATTERN 


e90000 on 


oo000000! 
ogo00cg00: 
oooocooos. 


soscoocos 
ooosseBseo 


fate oo00000 


oqo00900000 
ooo000000 
O@ooo00000 
oooo00060 
000000000 
osgooocoo 
goo000000 


Seccooees 
oooooo500 


ttStetatatet te 
oonooocos 
ooooo0ccSe 


OsosouoDe 
oooosessO 


ooooooous 


Boosccoos 
ooooe#sEEsO 


QgsoonovuuG 
coseocobso0 
oogsvodou 
oo0g080c000 
gononsoog 
ooon0n0uaC00 
ooo000080 


aQo0onGoouG 
googg00000 
ooagoco0G 


oo008d000 


feleleleleteleiarer 
o30000000 
ooogooc0u 
Go00s8e8cnd 
ooooe@esoo 
fafelaldlsjaye! fe) 
coaoe00n0 


oocosoco0 


Opesococo 


Ogssooco0o 
oono000000 


oo00s8G0n0 
ooo0B08000 


oooocda00 
oopooadcaca 


ogoc00000 
oocooga0g 


oooodcas9 
acaoscoaor 


goocoagucgc 
9035000096 





oa 

@oos8ooooa 
oooco0o000 
oooo0000a 


see 


Oo0o0000000 
oooggoe0g 
Anog00G0o 


OGbCo00GGUE 
Ssanco000e 
coogaGscou 


ooog00000 
gsoococoos 


oo000000cR 


soocoo0sD 
cooo00s8o0. 
cooocoso00 
ooooso00D 


boogeooo 
ogogo0o0o8 
ocoogcco0ds 


tet 


SoungGgeg 


ooonooo0aco 
goo000000 
oqpoooo0ce 
eeresecen 
gsocooooce 
oooooon00 
9n00000n0 


oooo000000 
oooooocds 





ooooo00n0 
oooposeacdoo 


ooocoo000 
oocousousa0 


QOONGO0GC 
o050saes0 


ooooo0D000 
eee 
[elsyeatny 
ioo0cD00 
oooo0G 
ooo0000 
oo009n000 


sooscce 
oe00800I 


@o000000G 
@ooocooDG 


qago000 
oqg00n 


Oo} Go00000; aa 
[a] 0 


ogggo j 0000000 | ac00200 | sconoed } 2900000} o90 


ogooo000noc: 
oocogo0008 
goo00000: 
falete ie 


goo00eouG 
oOocos80000 


oouoso000 
ooossaEse 


v 





5 
3 
£. 
= 
po 
® 
id 
g 
€ 
2 
2 
£ 
= 
frag 
3 
Q 
2 
2 
e 
= 
ra 
® 
oo 
c 
g 
2 
= 
@ 
g 
£ 
= 
3 
= 
% 
2 
by 
rf 
i 
3 
2 
cS 
2 
2 
i 
5 
rf 
= 
s 
£ 
S 
£ 
re 
6 
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MCM6570 thru MCM6579 (continued) 


APPLICATIONS INFORMATION 


One important application for the MCM6570-79 is in 
CRT display systems (Figure 24). A set of buffer shift 


registers or. random access memories applies a 7-bit char-' 


acter code to the input of the character generator, which 
then supplies one row of the character according to the 
count at the four row select inputs. As each row is 
available, it is put into the TTL MC7495 shift registers. 
The parallel information in these shift registers is clocked 
serially out to the Z-axis where it modulates the raster to 
-form the character. 

‘The MCM6570-79 require ‘eas power supplies: -3.0 
volts, +5.0 volts, and +12 volts. The character generator 
requires only small currents from the -3.0 voit and +12 
volt. supplies, such that charge pump techniques using 
+5.0 volts can be used. 

Figure 25 shows a supply circuit that will generate the 
required ~3.0 volts for Vgp. «The +12-volt supply of 


Figure 26 will supply the 6.0 mA that is typically re- 
quired. Increased current. capability is possible by. mod- 
ifying the circuits. Use of these small,.low-cost supplies 
makes a single +5.0-voit system possible. 

When powering this device from laboratory or system 
power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. 
Some power supplies exhibit spikes or “glitches” on their 


~ outputs when the.ac power is switched on and off. For 


‘the ac power is switched ‘on and off, 


example, the bench power supply programmed to deliver 
+12 volts may have large transients below ground when 
lf this possibility 
exists, it is suggested that the user switch the dc side of . 
the power supply or protect the device power pins (+12, 

+5.0, and -3.0 volt). against reverse biasing with clamp 
diodes. A hot carrier diode such as the MBD501 is ‘sug: 
gested for this purpose. 


FIGURE 24 — CRT DISPLAY APPLICATION USING MCM6571 


MCM6571 


Character 
Code 


Control 
Counters 
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MC7495 





‘MCM6570 thru MCM6579 (continued). 


FIGURE 25 — SUBSTRATE BIAS CHARGE PUMP SUPPLY 


1/6 MC7404 


0.001 uF 


1/6 MC7404 | 9.901 uF 


D = Germanium diodes 





FIGURE 26 — GATE VOLTAGE CHARGE PUMP SUPPLY 


+5.0V +5.0V +5.0V 


1/6 
MC7406 MC7406 MC7406 


1/6 
MC7406 


100 pF 


PACKAGE DIMENSIONS 


“CASE 684-04 


PUA eas 


SEATING PLANE 


; NOTES: 
Le 
no MILTIMETERS 1. LEADS WITHIN 0.13 mm 
-" (0.005) RADIUS OF TRUE 
aia ae 30.86 age POSITION AT SEATING 


a 12.70 a PLANE WITH MAXIMUM 
MATERIAL CONDITION. 


ease Lost nae eae] 2. LEAD NO. 1 CUT FOR 
TF {08st 140 [0035 [o05s} == DENTIFICATION, OR 
Te | 2548sc | 0.1008SC SCHL oo NGOE 

a . DIM “L” TO 
HT 0.89 [1.40 | 0.035 | 0.055 | OF LEADS. (MEASURED 
( J | 020] 036] 0.008; 0.012 | 0.51 mm (0.020) BELOW 


PKG BASE) 
| € | '14.86 | 15.87 | 0.585 | 0.625 | 
pm] - 7 ise [ — [15° | 
LN | ost] 1.147 0.020] 0.045 | 
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CASE 709-01 


PRE, 


D SEATING 
PLANE 


1. LEADS, TRUE POSITIONED 
- WITHIN 0.25 mm (0.010) DIA 
fe star eis as ae AT SEATING PLANE AT 
MAXIMUM MATERIAL CON. 
DITION. (DIM. “D") 
_ DIM “L” TO CENTER OF 


LEADS WHEN FORMED 
PARALLEL. 


rn aeHiMETERS iETERS| INCHES —_ NOTES: 








MCM6570 thru MCM6579 (continued) 


The formats below are given for your convenience in preparing character information for MCM6570 programming: THESE 


FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro- 


gramming instructions for detailed procedures. 


Character Number — 


’ Character Number 


Character Number 


LSB HEX . 


MSB 


LSB HEX 


LSB HEX 


a 
a 
= 


CEE 


OOOO0OO00Os 
OOoDoOo0ooo0d0 
oOooooooono 
O000000005s 
OoOoOoOooooos 
OOOO0O0000 
OOOOOOO00S 
oO em) 


maeetnre«tenta«reer 


n 


ecererenrenrentce 


OOO0O0o000s 
qgoooo0o0o00gd 
OoOoooo0og0o0no 


OO0000000s 
oOoOooooooos 


oOooooo0oo0ono 
OOOoOoO0o0008 
oO is 


ce omomenrrenrenree 


Character Number Character Number 


Character Number 


LSB HEX 


EHEC 


LSB HEX 


ooooooooo 


oO00000 


OO 


MSB 


”n 


MsB 
a) 


cfaeacrertenen#e«enrkrere 


ODOOODOOOOOs 


oOooooo0o00gd 
oOoOooooooo 


LSB HEX 


OO0O0000008 


oOoooooooog 
oooooooo0o 
, Doeoooo0on: 
20 : 


e@aerenrnrraedre« 


OOOOOOOOL: . 


OOOOODS © 


Character Number _- 


Character Number 


Character Number 


LSB HEX 


DOOODOOds 
oOo0o0o00o0o00 
oo 
OoOoOoOoOoo0os 
000000008 
oo 

DO 


Oooo 


Ooo0000 
DNOOOOODS 


n 


Oooo 


MSB 


eaonreenrnrenrteree 


LSB HEX 


oOoooooooos 
oOoooooooo 
OoOoOooo0o000 

O00 oOos 
oOoOooooooos 
oOooooooogno 
oOooooooons 
OD a 


; 
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MSB 


eoaeoateoenetwnrenenrtenre 


LSB HEX 


OOOOO0OOs 
oO000000 


” 


MSB 


eornmrneeenenrace 


8192-BIT READ ONLY MEMORIES 
COLUMN SELECT CHARACTER GENERATORS 


The MCM6580 is a mask-programmable 8192-bit vertical scan 
(column select) character generator. It-contains 128 characters in a 
7 x9 matrix. A Shift Control Command (SCC) bit can be programmed 
so that a high logic level will appear at the SCC output, in addition to 
the coding at DO-D8, to indicate to external circuitry that the char- 
acter is to be shifted. 

A seven-bit address code is used to select one of the 128 available 
characters programmed in the memory. Each character is defined as 
a specific combination of logic ‘1's and ‘‘0’’s stored ina 7 x9 matrix. 
When a specific three-bit binary column select code is applied, a word 
of nine parallel bits appears at the output. The columns can be sequen- 
tially selected, providing a seven-word sequence of nine parallel bits 
per word for each character selected by the address inputs. 

The MCM6581 is a pre-programmed version of the MCM6580, 
with a modified USASCII code. It contains the upper and lower case 
English alphabet, lower case Greek alphabet, and various mathemati- 
cal symbols and punctuation marks. The MCM6583 is also a pre-pro- 
grammed MCM6580 and contains the upper case English alphabet, 
Japanese characters, and various mathematical symbols and punctua- 
tion marks. The MCM6581 uses the SCC bit for appropriate char- 
acters; the MCM6583 holds SCC = “‘0” for all characters. 


®@ Static Operation 

@ TTL Compatibility 

@ CMOS Compatibility (5 V) 
128 Characters of 64 Bits (7.x 9) and Shift Control 
Maximum Access Time = 400 ns 





ABSOLUTE MAXIMUM RATINGS (See Note 1, Voltages referenced to Vss) 


| Rating =| Symbol 






















Supply Voltages Vcc -0.3 to +6.0 
Vpb -0.3 to +15 
VBB -10 to +03 


Address/Control! Input Voltage -0.3 to +15 
Storage Temperature Range -55 to +125 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 





BLOCK DIAGRAM 


Memor 
ote ai Column Output 
Decode 


(8064) Decode Buffers 


MCM6580 
MCM6581 
MCM6583 


MOS 


(N-CHANNEL, LOW THRESHOLD) 


8K 
READ ONLY MEMORIES 


VERTICAL-SCAN 
CHARACTER GENERATORS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684 


P SUFFIX 
PLASTIC PACKAGE 
CASE 709 


PIN ASSIGNMENT 


oO 0 ON DO PB WN 


= 





This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields;, however, it is advised that 


Shift 
Controi 
Matrix 
(128) 


Blanking 
Logic 





normal precautions be taken to avoid application 
of any voltage higher than maximum rated voit- 
ages to this high-impedance circuit. 


24d 230 220 
cso cst CS2 
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MCM6580, MCM6581, MCM6583 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vs). 


| Parameter | Symbot | in — | Nom | max | unit_—_— 
Vpp 12 Vde 


Supply Voltage 10.8 13.2 


Input Logic ‘'1'’ Voltage (Driven by TTL) 
(Driven by Other Than TTL) 





{nput Logic 0” Voltage 


“A 4.0 V Vjy is required at the chip regardless of the type of driver used. However, internal MOS Pullup devices on the chip can pull one TTL 
driver from 3.0 V to 4.0 V, without affecting access time. These pullup devices may not pul! non-TTL drivers above 3.0 V. 


DC CHARACTERISTICS 


Characteristic 


Input Forward Current 
(Vy, = 0.4 Vdc) 


input Leakage Current 
(Vip = 5.25 Vde, Voc = 4.75 Vde) 


Output Low Voltage (Blank) 
(lo, = 1.6 mAdc) 


Output High Voltage (Dot) 
(logy = 40 wAdc) 
Power Supply Current 


Characteristic 
(f = 1.0 MHz) 
(f = 1.0 MHz) 


AC CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 
[All timing with t,,t¢ = 20 ns; Load = 1 TTL Gate (MC7400 Series), CL = 30 pF] 
TIMING (Typical values measured at 25°C and nominal supplies) 


| Characteristic | symbol 
Address Access Time (See Figure 1A) 
Column Select Access Time (See Figure 1B) tacce (CS) - 








FIGURE 1 — TIMING DIAGRAMS 


A. ADDRESS ACCESS TIMING DIAGRAM B. COLUMN SELECT ACCESS TIMING DIAGRAM 


aes, | 
Column Select 


Input 
-- tacc(CS) tace(CS) 
Output 41.5 V 


Note: Column Select inputs are Note: Address inputs are 
set in a dc state. set in adc state. 


Address 
Input 
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MCM6580, MCM6581, MCM6583 (continued) 


FIGURE 2 — Vcc SUPPLY CURRENT versus TEMPERATURE 


A 
B 
c 


13.2 ]5.25] -2.7 
12.0] 5.0 | -3.0 
10.8 |4.75 


-3.3 


FIGURE 3 — Vpp SUPPLY CURRENT versus TEMPE RATURE 


23 


|_| Vpol 
13.2 





CHOC 
19 B | 12.0) 5.0 |-3.0 
C | 10.8 44.75} -3.3 


lec, SUPPLY CURRENT (mA) 
ipp, SUPPLY CURRENT (ma) 
zs 



































Ta, AMBIENT TEMPERATURE (°C) 


Ta, AMBIENT TEMPERATURE (°C) 


- FIGURE 4 — OUTPUT SINK CURRENT versus 
OUTPUT VOLTAGE 


FIGURE 5 — OUTPUT SOURCE CURRENT versus 
OUTPUT VOLTAGE 






































lsink, OUTPUT SINK CURRENT (mA) 
Isource, CUTPUT SOURCE CURRENT (mA) 












































0 1.0 2.0 3.0 4.0 5.0 


OUTPUT VOLTAGE (VOLTS) OUTPUT VOLTAGE (VOLTS) 


FIGURE 6 — ADDRESS ACCESS TIME versus Vpp 
SUPPLY VOLTAGE 


aes let eest alc 
gh 7 eel 
aries 
ates 
alee 


(i) 


FIGURE 7 — ADDRESS ACCESS TIME versus TEMPERATURE 











tacc, ADDRESS ACCESS TIME (ns) 


Vop =12V 
Veco =5.0V 
Vee =-3.0V 


tace. ADDRESS ACCESS TIME (ns) 


Specified Operating Range 





10 1 12 13 14 15 


Vpp. SUPPLY VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
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MCM6580, MCM6581, MCM6583 (continued) 


MEMORY OPERATION (Using Positive Logic) 


Most positive level = 1, most negative Jevel = 0 


Address 


To select one of the 128 characters, apply the appro- 
priate binary code to the Address inputs (AQ thru A6). 


Column Select 

To select one of the seven columns of the addressed 
character. to appear at the nine output lines, apply the 
appropriate binary code to the Column Select inputs (CSO 
thru CS2). When CSO = CS1 = CS2 = 0, the outputs are 
held low. 


Shift Control Command (SCC) 

For characters which are programmed to be shifted, 
the SCC output goes to a 1” for all columns (C1 thru C7) 
of the character. The SCC will be at a logic ‘’0” for all non- 
shifted characters. The MCM6581 uses the SCC for appro- 
priate characters; the MCM6583 has SCC = “0” for all 
characters. 


Address Access Time, tacc(A) 

The time delay between a change in the Address inputs 
and a corresponding change at the output Jines with all 
other inputs held stable. 


Column Select Access Time, tacc(C$) 

The time delay between a change in the Column Select 
inputs and the appearance of valid information at the out- 
put lines, with all other inputs held stable. 


Output 


For these devices, an output dot is defined as a logic ‘1’ 
level, and an output blank is defined as a logic ‘0’ level. 


Device Protection Considerations 

When powering this device from taboratory or system 
power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some 
power supplies exhibit spikes or ‘‘glitches’’ on their outputs 
when the ac power is switched on and off. For example, 
the bench power supply programmed to deliver +12 volts 
may have large transients below ground when the ac power 
is switched on and off. If this possibility exists, it is 
suggested that the user switch the dc side of the power 
supply or protect the device power pins (+12, +5.0 and 
-3.0 volt) against reverse biasing with clamp diodes. A 
hot carrier diode such as the MBD501 is suggested for 
this purpose. 


DISPLAY FORMAT 


Figure 8 shows the relationship between the logic levels at the Column Select inputs 
and the corresponding column at the outputs. Note that all outputs are held low (at VOL) 
when CSO = CS1 = CS2 = 0. Examples of pre-programmed characters within the 
MCM6581 and MCM6583 are shown below. 


FIGURE 8 — COLUMN SELECT INPUT CODE AND SAMPLE CHARACTERS FOR MCM6581 AND MCM6583 


~ COLUMN SELECT 
TRUTH TABLE 


[es2] ess [ cso] OuTPUT] 


C1 


MCM6581 


oC a Fh 


COLUMN NO. 


C7 


MCM6583 
(Shift not available.) 


COLUMN NO. " COLUMN NO. 


ci c7 ci Cc? 





DOS aaEeEsO 
o1.B@OOOO0OR 
02000008 
o3BOO0O008 
040 8eSee0 
o5 BOOOO0OO0 
cosemoonoogd 
07 @OO00000 
os BOO0000 
sec O 
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v0 BOBEBBOO 


DOS BaSEBO 





MCM6580, MCM6581, MCM6583 (continued) 


CUSTOM PROGRAMMING FOR MCM6580 


By the programming of a single photomask, the cus- 
tomer may specify the content of the MCM6580. En- 
coding of the photomask is done with the aid of a com- 
puter to provide quick, efficient implementation of the 
custom bit pattern while reducing the cost of implemen- 
tation, 

Information for the custom memory content may be 
sent to Motorola in the following forms, in order of 
preference: * . , 

1. Hexadecimal coding using 1BM Punch Cards (Figures 

11 and 12). 
2. Hexadecimal coding using ASCIi Paper Tape Punch 
(Figure 13). 


Programming of the MCM6580 can be achieved by using , 


the following sequence: 

1. Create the 128 characters in a 7 x 9 font using the 
format shown in Figure 9. Note that information at out- 
put DO appears in row one, D1 in row two, thru D8 infor- 
mation in row nine. The dots filled in and programmed as 
alogic ‘1’’ will appear at the outputs as VQ}; the dots left 
blank will be at VOL. (Blank formats appear at the end of 
this data sheet for your convenience; they are not to be 
submitted to Motorola, however.) 

2. Indicate which characters are shifted by filling in 
the extra square (dot) at the bottom left (designated as 
SCC). ; 

3. Convert the characters to hexadecimal coding (Figure 
10) treating dots as ones and blanks as zeros. To do this, 
first rotate the format sheet 90° so that the hex coding 
squares appear at the left. The hex equivalents of SCC and 
D8, with the two high order bits both equal zero, are 
written in the left column of the hex coding table. The hex 


equivalents of D7 thru D4 are written in the center column, 
and the hex equivalents of D3 thru DO in the right column. 
Note that SCC is programmed only once, in column C1. 
For columns C2 thru C7, SCC is zero; this makes the three 
high order bits zero and D8 the only significant factor, 
with the hex column “0” or 1". 

4. Transfer the hex figures either to punched cards 
(Figure 11) or to paper tape (Figure 13). 

5. Submit the programming information to Motorola, 
together with the Customer’s name, Customer’s part 
number, and revision number. 


*Note: Motorola can accept magnetic tape and truth table 
formats. For further information contact your local 
Motorola sales representative. 

FIGURE 10 — BINARY TO HEXADECIMAL 
CONVERSION 


Hexadecimal 
Character 


0 
oO 
0 
0 
10) 
Oo 
ie) 
0 
1 
1 
1 
1 
1 
1 
1 
1 


~ws--2320000-+22 20000 
~"OQO?0+20+;020=-0202+20 
AmMDUDawrPwowmratawn=Ao 





FIGURE 9 — CHARACTER FORMAT 


(CUSTOMER 
INPUT) 


Character Number 


Character. Number 


(CUSTOMER CCUSTOMER 


, Character Number ___ INPUT) . 





C1 c7 
co QOOOOOOU!Ess 
oo00000 
ONOOoDOoOO 
on, ODODOOON 
4 ONROOOR . 
ROoOwRoOkoO 
BOoOOBKnOO 
o7 BOOROWRO 
°& ORHROOO mss 


ci c7 

bo ORRNROO'tss 
OROOORO 
OX MwOO 

o DRODORD 

°° OWODOBU 
ONRRBOO 
ORWOOOOO 

7 OROOOOH . 

° HOOOOODOMss 


scc 
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ci c7 
°° QOOOOOUtss 
AROOOOR 
OOWOOBkBO 
01 DOROWOD 
* DOWWOOU 
OOwWOOOO 
ORWOOOO 
o7 ORBBOOOO 
°& OWMROOOOMss 


NING 
alu |~/s/oo! 








MCM6580, MCM6581, MCM6583 (continued) 


FIGURE 11 — CARD PUNCH FORMAT 


Columns 

1-10 Blank 

11 Asterisk (*) 

12 - 32 Hex coding for first character 


33 Stash (/) 


34-54 Hex coding for second character 
55 Slash (/) 

56 - 76 Blank 

77-78 Card number (starting 01; thru 64) 
79 - 80 Blank 


Column 12 on the first card contains the hexadecimal equivalent 
of SCC and D8 for C1 of the first character. Column 13 contains D7 
thru D4, and column 14 contains D3 thru DO. Columns 15 thru 17 

‘ contain information for C2 (SCC is programmed only with C1). The 
entire first character is coded in columns 12 thru 32. Each card con- 
tains the coding for two characters. 64 cards are required to program 
the entire 128 characters. The characters must be programmed in 
sequence from the first character to the last in order to establish 
proper addressing for the part. As an example, the first six characters 
of the MCM65811 are correctly coded and punched in Figure 12. 





FIGURE 12 — EXAMPLE OF CARD PUNCH FORMAT 
(First 6 Characters of MCM6581) 


ROKK RRES EA Par inne Ronn Ss aS a4onesansenn, 
SPEC ICOUPCOT AINE nna ine MHOACE LS) Ler Ace nnnnnne 
RNENVINPIERARKANHENnLIN-SAnnrP ASPs nesnpannite 


CO oe ben 


WASTE UO BU RGM KBNBAWN VNU SE RUVVNAUHNLASHET HARUN LRIKASSINKRHKRHMKKHRANNRMHRN 


eee | A | SeacReROR? EL | O) CRE REESRREEEEEED | [REE DERE RREREERERREOEEEEERS Dn] 
2227227222222 22222 222222222222 


23333339333333333333333333333333383333333333333333333333333333333333333333333333 
VUCUPECTES (UCUCECCCUCUS! LVSUCCUPSCSI OP CCT IEC EVCCPe EV Cererrecerrrecrerrrerrrreyy 
SSSSSSSSSSSSMSSSSSSSSSSSSSSSSSSSSSSSSSSSSMSSMSSMSSSSSSSSSSSSSSSSSSSSSSSSSSSS5555 
CECEECCEEECEESESECEEGESESGESESECCCCCE MMSE CEES CCEESESEEES ESSE CES ECEGBCEGGESECEBES 


DUVTTDDTTTT TTT T TTT TTT TTT TTT 
SRRSERRESRMSSERSESRSESESESSSSESESESSERERESSSEELSSESHRRSSESSSSSSESEESESSERSRSEES 
99$99999999999999999999999999999999999999999999999999 

” 


PPE ee Phe hin ee ie be Bie ee i eee ee ee | 





FIGURE 13 — PAPER TAPE FORMAT 





Frames 


Leader Blank Tape 
1toM Allowed for customer use (M<64) 
M+ti,M+2 CR; LF (Carriage Return; Line 
Feed) 
M+3toM+65 First line of pattern information 
(63 hex figures per line — 3 full 
: characters) 
M + 66, M + 67 CR; LF 


M+68toM+2776 Remaining 42 lines of hex figures, 
each line followed by a Carriage 
Return and Line Feed 
Blank Tape 

Frames 1 to M are left to the customer for internal 
identification, where M < 64. Any combination of alpha- 


numerics may be used. This information is terminated with 


a Carriage Return and Line Feed, delineating the start of — 


data entry. (Note that the tape cannot begin with a CR 








and/or LF, or the customer identification will be assumed 
to be programming data.) 

Frame M + 3 contains the hexadecimal equivalent of 
SCC and D8 for C1 of the first character. Frame M + 4 con- 
tains D7 thru D4, and M + 5 contains D3 thru DO. Frames 
M + 6 thru M + 8 contain information for C2 (SCC is pro- 
grammed only with C1). Frames M + 8 to M + 65 contain 
the coding for the first three 7 x 9 characters, since 21 hex 
figures are required for each character. This is the first line 
of the printout, and is terminated with a CR and LF. 

Since three characters are programmed per line, a total 
of 43 lines are required to program the full 128 characters, 
with the last line programming only two. The lines are 
punched in sequence using the format given, with each line 
terminated with a CR and LF. The last line contains only 
42 hex figures to program the last two characters. CR and 


’ LF are punched right after the last hex figure, rather than 


21 frames later as for the other tines. 


MCM6581 PATTERN 


FIGURE 14 — 


MCM6580, MCM6581, MCM6583 (continued) 











aooo0Gc00a 


jfotecetelet eet 
ooogssse0o 


ooQgs80c000 | OoO#cdos000 Qeo990909 
tele] oo00 wooo00d 












Fa weo0000 ooooc0oo8o 

oooGcs8a000 onoossooB8 

dol oggo00s800G oo0000000 
joosooo00 oo0o000800 gocoocooos oo0oo0ss8o00 
Csgeeeseo soo0c0000 








a 
oooo@ocoo ooo0000080 ; OasocoO 
ia) 











Osgood | cogsgo00 
Ogogd ; cocooGo 


woOood j coo#oo00 
g00O0 } OooGo00 
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MCM6580, MCM6581, MCM6583 (continued) 


The formats below are given for your convenience in preparing character information for MCM6580 programming. THESE — 
FORMATS ARE NOT TO BE USED TO TRANSMIT THE INFORMATION TO MOTOROLA. Refer to the Custom Pro- 
gramming instructions for detailed procedures. ‘ : 


Character Number 


ci c7 
cv OOOOOOOtss 
oOoo0o0000 
OoOooo0o00 
D3 
* OOOOU0O00 
OOoOO0000 
gc istatetatate 


o7 OOOOOOR - 
°F OOOOOODws 
scc (J 


OOOO OO)G) 
°¢ OOUO000 

ooo00000 
», aeoooos 


¢ DOOOOD De 


scc °O 


Character Number 


1 c7 
co QOOO0O000tss 
.O000000 
~ OOOOOOO 
os OOOOODOUD 
% QOO0U000 
Ooooo00 
Ooo0o0000 


7 POOOOOE) _ 
= a eaeeee. 
scc FE 





-sec 


Character Number 


~ C1 C7. 
-o OOOO0O0Dtss 


OOooOo000 
Geferararar ete 


03 


_ OOOOH 

* OOOODOOO 
OO00000 
OQOoo0o0o00 

o OOOOOOO 

°° OQOOOOOOMss 

sec [] 


scc [] 





Character Number 


Ct c7 
co OOOOOOO:ss 
‘-OO0O0000 - 


°° QDOOUD00 
ooo0o0o00 
oOoooogg0 
o OO 


DOOOD 
°* DOOOOOOMss 


os DOOOHOO 
4 OOOOOO0 


Cheracter Number 


C1 : c7 
co QOOUGOODiss 
oooo0000 


QoO00000 
OOOo0000 
> DOOOO0OD 
°° OOOOOOOMmss 

scc [] 


x< 
w 
=x 


Character Number 


ie] 
ODOOOOO0S 


los 
cx) 


oO 
OO 
OO 
00 
00 
OO 
OO 


OOOO 
7 OOOODON - 
°° OQOOOOODMss 
scc [] 


x 
Ww 
=z 


Character Number —_ : 


c1 Se CTE 
ce QOOUCOOOU's 


oo Bpooooo 


oOoboooggono 
Ooooo00 


7 DO00000 
0s BOODOGENe 
scc [] 


"Character Number 


C1 C7 
oo OQOO0O000:tss 
Oooocgodn 
oooo000g0 


O03 


 OOOOOOL) 
> OOO0U000 


— OOoO0O0RD 
OoOooo00o 

o OOOOO CJ 

°&6 QOOOO0OMss 


scc O 





DO 


a 
ooooe 
oooogooo0 
ooo 
looo0 
oO 
ooooo0 
oos 


O00 


o7 1 





os OOOOUUEIMss 
scc oO ; 
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MCM6590L 
MCM6591L 


MOS 


(N-CHANNEL, LOW THRESHOLD) 


16, 384-BIT READ ONLY MEMORIES 


The MCM6590 and MCM6591 static 2048 x 8-bit Read Only 
Memories are fabricated using N-channel metal gate technology. The 
MCM6590 is a mask programmable device with a programmable 
chip select option. 

The MCM6591 is a pre-programmed version of the MCM6590 
containing six character conversion codes (ASCII to Selectric, 
EBCDIC, anda modified 8-bit Hollerith; Selectric to ASCII, EBCDIC 
to ASCII, and. a modified Hollerith to ASCIi) as well as 128 
USASCII characters using mixed character fonts of 5 x 7 and'7 x 7 
dot matrices with extra check bits. 


16K 
READ ONLY MEMORIES 


Static Operation 

TTL Compatibility 

CMOS Compatibility (5 V) 
3-State Outputs 

2048 Words by 8-Bit Organization 
800 ns Maximum Access Time 


L SUFFIX 
CERAMIC PACKAGE 
CASE 684 


Programmable Chip Select 
Wire-OR Capability 


Selectric is a registered trademark of IBM. PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS] (Referenced to Vgs) 
Symbol | Value [Unit 


Supply Voltages Vopb -0.3 to +15 
: Vcc -0.3 to +6.0 
VBB -10 to +0.3 


Vin | 0.310115 
Ta 


Note 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device retiability. 





BLOCK DIAGRAM 


A7 A8 *MCM6591 is pre-programmed 
20 21 A . 
° O to be selected with alow input 


at cs. 





Y Output 
Decode Buffers 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 


normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Vpp = Pin 23 Select 


Vgg = Pin 12 


Veep = Pin1 
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MCM6590, MCM65911 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 
RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg = Ground) 





DC CHARACTERISTICS 
Characteristic 


Input Leakage Current (An, CS) 
(VtH = Vi_min to Viymax) 


(Vcc = 5.25 V) : 
(loH = -40 HA) 
(lo. = 1.6 mA) 
'pD 


Supply Current 
(Chip Deselected or Selected) ; lec 
_'BB 


Output Capacitance (f = 1 MHz) 





AC CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted. All timing with t, = t, < 20 ns; 
Load = 1 TTL Gate (MC7400 Series) biased to draw 1.6 mA; Ci = 30 pF.) 


Address Access Time 


Output Select Time 


Output Deselect Time 





*Typical vatues measured at 25°C and nominal supply voltages. 


FIGURE 1 — TIMING DIAGRAM 


A. ADDRESS ACCESS TIMING DIAGRAM B. CHIP SELECT TIMING DIAGRAM 
(Chip Selected) (Addresses Established) 


3.0 V 3.0Vee—5 prcccco 
Chip - 
Address 50% oe 50% 50% 
input Select 
0.8 V 0.8 V LS 


_ tacc | : [tos bet 100 
VOH VOH ’, 
Data : Output Data /High Output High 
Outputs Output Invalid V5V Valid Outputs Impedance y, 1.5 V “Vatid b Impedance 


VOL : VoL 
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MCM6590, MCM65911 (continued) 


tacc, ACCESS TIME {ns} 


TYPICAL CHARACTERISTIC CURVES 


FIGURE 2 — ACCESS TIME versus TEMPERATURE 



















































































0 10 20 30 40 50 60 70 
TA, AMBIENT TEMPERATURE (9C) 


FIGURE 4 — OUTPUT DESELECT TIME versus TEMPERATURE 


""“ipp, SUPPLY CURRENT (mA) 


top, OUTPUT DESELECT TIME (ns) 


250 





[B/B.0V [12.0 VI -3.0V] 
[C]5.26 V | 13.2 VI] -2.7 Vj 












































mm) 10 20 30 ~ 40 50 60 70 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — Ipp SUPPLY CURRENT versus Vpp* 








Veco = 5.25 V 
Veep =-2.7 V 
CHIP SELECTED 

—Ta= 


Pieces 














- + 
































“10 HP pa, 2 13 14 15 
Vop, SUPPLY VOLTAGE (V) 


FIGURE 3 — OUTPUT SELECT TIME versus TEMPERATURE 





























tos, OUTPUT SELECT TIME (ns) 









































0 10 20 30 40 50 60 70 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — Icc SUPPLY CURRENT versus Voc * 


Von =13.2V 
Veg = -2.7V 74 

ADDRESS = 0 V 

——}— CHIP SELECTED 7 





Icc, SUPPLY CURRENT (mA) 





























45 4.75 5.0 5.25 5.5 5.75 
Voc, SUPPLY VOLTAGE (V) 


FIGURE 7 — OUTPUT SINK CURRENT versus OUTPUT VOLTAGE 
24 








21 























to, OTUPUT CURRENT (mA) 



































0 : 1.0 ie 2.0 
Vp, OUTPUT VOLTAGE (V) 


*These curves represent averaged MCM6591 currents ‘over address cycling in the selected mode. More dense patterns - 
can be expected to shift these curves upward, bounded by the maximum de values stated in the DC Characteristics Table. 
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MCM6590, MCM65911 (continued) 


CUSTOM PROGRAMMING FOR MCM6590 


By the programming of a single photomask for the 
MCM6590, the customer may specify the content of the 
memory and the method of selecting the outputs. 

Information for custom memory content may be sent 


to Motorola in the following forms, in order of preference: * 


To program the mode of selecting the chip, the in- 
formation in Figure 11 is required. This information 
must be in written form and must accompany the punched 
‘cards or paper tape. (A copy of Figure 11 may be used 
for this purpose.) - 


1. Hexadecimal coding using IBM Punch Cards 
(Figures 8 and 9). ee 
2. Hexadecimal coding using ASCI| Paper Tape Punch 
(Figures 9 and 10). 
As Figure 9 indicates, a zero programmed in the mem- 
ory appears at Dn as Voy. A programmed one appears . 


“Note: Motorola can accept magnetic tape and truth table 
formats. For further information contact your local 
Motorola sales representative. 


‘FIGURE 9 — BINARY TO HEXADECIMAL 


and 17 byte 2, and so on. 

The first card contains the first 32 bytes. Columns 
12 and 13 on the second card will contain byte 32 (the 
33rd byte). A total of 64 cards will contain 2048 bytes 
of 8-bits. 


as VOH. CONVERSION 
FIGURE 8 — CARD PUNCH FORMAT MSB LSB 
: D7 D6 D4 | Hexadecimal 
D3 D2 DO Character 
Columns ; : Oo fs} Oo fe) fe) 
12--75 Hexadecimal data coding 0 (0) fe) 1 1 
77 --78 Card number (starting 01) 0 0 1 0 2 
79 -- 80 : Total number of cards (64) : : | be 
Column 12 on the first card contains the hexadecimal re) 1 re) 1 5 
equivalent of bits D7 thru D4 of byte.0, while column 0 1 1 0: 6 
13 contains the hexadecimal equivalent of bits D3 thru 0 1 a z 
1 ny) ) ) 8 0=VoOL 
DO. Columns 14 and 15 contain byte 1, columns 16 1 0 0 1 9 1=V 
1 0 1 Ce) A OH 
1 (9) 1 1 B 
1 1 ie) ie] c 
1 1 ) 1 D 
1 1 1 (a) E 
1 1 1 1 F 





FIGURE 10 — PAPER TAPE FORMAT 


Frames 


be assumed to be programming data.} 
Leader . ...+ Blank Tape 


Frame M + 3 contains the hexadecimal equivalent of 
1toM Allowed for customer use (M<64) bits D7 thru D4 of byte 0. Frame M + 4 contains bits 
Mt+1,M+2 CR; LF (Carriage Return; Line D3 thru DO. These two hex figures together program byte 
Feed) 0. Likewise, frames M + 5 and M + 6 program byte 1, 
First line of pattern information while M + 7 and M + 8 program byte 2. Frames M+ 3 to 
jet (64 hex figures per line) M + 66 comprise the first line of the printout, and program, 
M+67,M +68 CR; LF in sequence, the first 32 bytes of storage. The line is 
M+69toM+4426 Remaining 63 lines of hex figures, terminated with a CR and LF. 
each line followed by a Carriage The remaining 63 lines of data are punched in sequence 
Return and Line Feed using the same format, each line terminated with a CR 
Blank Tape _and LF, The total 64 lines of data contain 64 x 64 
‘Frames 1 to M are left to the customer for internal or 4096 characters. Since each character programs 4 bits 
identification, where M <64. Any combination of alpha- of information, a full 16,384 bits are programmed. 
numerics may be used. This information is terminated 
with a Carriage Return and Line Feed, delineating the 
start of data entry. (Note that the tape cannot begin 
with a CR and/or LF, or the customer identification will 


M+3toM +66 


As an example, suppose the code conversion in Figure 
13 is re-programmed from. address 0 to address 127. A 
printout of the punched tape would read as shown below 
(a CR and LF is implicit at the end of each line): 


CUSTOMER IDENTIFICATION USING ONLY ALPHANUMERIC CHARACTERS 

AG#B1B23335873688 B&3GFA39 | 2938E8 47478 EEFS6SEAEBE3 6CES 1 EE29AGAG31B 
2 LED2ZEF6277269E1 6FF38B77998 DOS BB6AE7 BD66FSBB7 I ACAFF91 E2D1 4898 7FF 
ABTDCBASASA6BEAA2Z4A9 5A28 121 1 O58 4D4D6 AESSCS44ABCSCCASILES2S9COAI 796 
3C&D2ZES622D20941 CFS38CD7 1 DS DSS SBCA47 SBC ESS3ADIACSFS9IESF1 A098 FOG 
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MCM6590, MCM6591 (continued) 


FIGURE 11 — FORMAT FOR PROGRAMMING CHIP SELECT 


ORGANIZATIONAL DATA 
MCM6590L MOS READ ONLY MEMORY 


Customer 


Customer Part No. 


Rev. 


True Chip Select Options: 


ea) 


1 is most positive input 
0 is most.negative input 
X is ano connection or 

don't care situation.. 





MCM6591 PATTERN INFORMATION 


The MCM6591 is pre-programmed as a code converter 
and character generator, with the Chip Select input active 
low. When Address A10 is low, the character generator 
function is selected. When A10 is high, the device provides 

‘the code conversion selected by: the other address inputs. 
The table to the right lists the location of the various 
functions. 


. aa er : 
FUNCTION 
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ror 1023. | Character Generator (A10 = Vy) } 120 | 


Code Conversion (A10 = Vyy): 
Selectric to ASCII: 


ASCII to Selectric 
Modified 8-Bit Hollerith to ASCH 
ASCIi to Modified 8-Bit Hollerith 
EBCDIC to ASCI! 
ASCII to EBCDIC 








MCM6590, MCM6591 (continued) 


FIGURE 12 — MCM6591 CHARACTER GENERATOR CODE 


mixed 5 x 7 and 7.x 7 fonts with extra check bits. A10 is 


held low for this function. 


Addresses 0 to 1023 of the MCM6591 have been pro- 


grammed with the 128 USASCI] characters shown 


using 


Q Check Bits 


@ Usable Character 


BeoO00000 
ocesoos8a 
oscsEacoss 
scossaeae 
geoogsoooo0 
Beooseeso 
ogscgsooss 
Cogsgcoso 


oogsao09gs 
oo00osg800 
ocooso 
oo00#os8 


geosgoscec 
Boosooss 
gesogsgosocao 
esecoosaas 
gseuauaeo 


goece0cao 
oo0oo0o0080a 
ooo00800 
oogos8008 
Oacseccoond 
gpoocoooo0e 
qgo0o000000 
oo0000008 


oo0000Sesa 
o0c0000as 
ooo0o00B80 


ov8000008 
geoo000000 
geoooo0o008 
@ooo0o000 
geoooo0o008 
goooo0o0o00 
geooo000o0g 
BReSeBes0 


@eoeo000so 
BESERaRe 
gwoooooso 
gso0000os8s 
gooo0oo8o0 
gsooocosa 
g2ooooco0gsno 
SEBERBBE 


Boeene0eas 
oCosgmes80cgo 
ogscoosaos 
gseoocoosas 
googsgoos8o 
gscocooss 
oseoocosos 
oosesodo 


g0ecoo0so 
ooOmessgQaon8 
Ogso000800 
Bsoecsedcoso 
gsoos008es 
gsosececed 
ogsqacosgao 
ooss8scae 


os0e80e08 
oooe#8cooo 
acosgso0o00e8 
oo0080000 
eoogBsooss 
oeaosos8soo 
oosgeE8ecos 
o0o#so0000 


eoe80sg0ga 
ooosoo0s 
aqgeoos8ocaad 
oosg8008nDea 
2 geeeo 
oousoc0cadDs 
oe8coso00 
o0oso0008 


as00a8099 
ooosooo00 
oocosao08 
cogoosaa 
senseneo 
oocoosos 
cooocecos 
ooomsoooo 


o0eg00gsg00 
peoos0os8e 
scoscosad 
geoosocoaed 
soos8ocoss 
gsoocsacoso 
aoogsocosao 
pooscogayp 


o80GCHE08 
oog0eg8 0000 
oogsgs#L#oc08 
CgEeo#aecdg8co 
gsooaecocac 
og00@acoood 
oog@eg coon 
ooo@8dcco00 


soea0ce0g0 
COOCOsSSsBo® 
oo008 0000 
o0sgo00008 
oOo#go0000 
gBpo#gsos00e 
Os#s@secoco 
o0g@00008 


iCROROPORORMIORG) 
Senearad 
oo0os0co0gs 
oo0oso0gcg08 
onos8o0cga 
ooogsangnos 
onosacooe 
ooosgocaooa 


o0uso0so0n0 
oocooosga 
Ccoasseago 
Oogscoocno 
oog8soo0ooccggs 
oo8o0og000 
oOOmsaseqgo 
oncacacss 


oaosoea08 
o#sgaqooo0gao0 


.oo8cosDe 


000 aoog 
000 ooo 
oo#secosag0 
oon0000gam 
poooos8no 


soe8o080aeg0 
oogsaroos 
ogeo0o00omog 
geqonoo0oga 
epesecoso 
gsoosao0ona 
osososBsog 


oossB8o00e 
cCeaBeo0eg0e 


oog00gn0n 
ocmeaBoos 
Qg0oBgogao0 
gecogcoso 
BOCBSS8Ea 
gBpoooooso 
aormcoo#ao0 
COgsB8BOoS 


OBOOOBDD 
DoOsssanooo 


sooso0o0R8s 
goo@egoso 
ecogscoss 
Beoormoosa 
Saeeeane 


Sooes0e8 
QESEBBE80 
gsocecos8s 
gsoos0osea 
seaman ooeaa 
geooooacs8s 
Bsoocoo0osa 
BEBBBBBO 


os0eo0o0s 
gpuaesaeaso 


esaeneano 


eou0e80g0 
Sseaeeessd 
geooocoogo 
gsooocosa 
seseecjcoso 
gcoso0osae 


OOssso0oCoe 
ogsogoogsoa 
gsOoooo0gs 
oOgso0q0s8o0 
COsBBOCEa 
O9g80G008 


OoOum@msesoo 
Oo8o00o008so 
og@80qccoo00g 
oo#gc0000 
Qqg00gaoo000 
aqq0oco00g 
aqq0oso000 
gsoo0eo0eo 


oeaoso9n08 
00000000 
oocos8oco00o8 
oogmBeocodo 


ooses8eBecnoo 
oonsa0cos 
aoco000cn00 


S8o009080 
#o00g00goa 
secoosac 
Soeoc#oses 
soos8ocos0o 
@osg0s80s8a 
eeqoosso 
soo0008o 


[OFORCRORORSECEC) 
O0900880 
opeqgouo0a 
oo000008 
ono000ng0 
geepecoonce 
geoesooos 
00000006 


oOOOOos8O80 
oBqgoosos 
gsoeoceced 


op0e80g08 
Boso000n0 
oMoe80ogn0g 
ogs0o0cgesD 
OOBOOBSE 
oo0o@coono 
epoo@cjos 
esooos8aa 


sonG8080 
oacegs08 
eo9geoe80 
osoosooe 
oOso@soes|cjo 
seceoss® 
ogsocsec#@acn 
oosoos0s 


o@oo | os0s800R0 


ooaco0o0n 
@egeeoondod 
00000008 


oO8080808 
®OobC8080 
oe0ea0eca 
go0cog0000 
googcoo0s 
Ssseeno8go 
oo000000m 
oo000000 


DO] CoO0o0cgnD0e 
goo0o0oggongg 
o0cognga 
o0000czgzg2 
90000808 
o00000a0O 
Oo00o sen 
SEG08080 


D7 


Do 
D 


ooo0000g0g 
oooggogs8g0g 
oo0sogeaa 
oqasco0ao08 
ogecoooas 
mpooooss0 
oooo000gs 
O8s8c0e0g 


oamo009co0 
osoncooa 
Ho00uGgD0nD 
oovaoqo00a 
o0o0o00008 
oo00ogs@o 
oooCcCoOmmD 
onoaoo0oonne 


oeceo8o8 
Boe8080e0 
oBo080b08 
oooscogo 
oouo@soo0os 
oogscooo 
oooscocoes 
ooosoocoo0 


ooececda 
oog0e0e0a 
Boo0e080 
ooo00008 
ooood 


obo0000Sea] 000 
aogogsgo008eae |] 000 
BBEESCOS | ORs 
OSS80eeqg0g; 8000 


soscegoo 


owvoe0n08 
@oO8080e0 
og000g08 
Qoo0o0000g0D 
oo0o000co008 
Osgsmseoo0 
gsoooo00a®f 
o00o00000 


7} gs080H80e0 


Ogeege088 
eo@moe8ead 
o9oseoe0nd 
geecoonoo8 


geocosgoo00s 
B000maBs 
goog00go00 


OQomsso8o00 
osqooqo0so 
Bsooo0cen0g 
Ssesgc0eno 
gso0ooseoo0 
gocoso08 
Omesoedo 
goo0oe00ETPE=a 


geoecooso 
goscooneasa 
gesoo#8cnd 


eo0eg0g0HD 
og00n0o08 
eogn080g0 
oo000s8o008 
Gunagrmean 
ogscocBsoo0e 
oOogoOBODDd | 
oo00s88008 


OgssBs008D 
gooos8a0o 
O000B8aaa 
aqogsgoea0e8 
odoooB80as 
Bsoooe8gseo 
Oegsso008f 
jesopogasolokaso} 


ogoe0en0s8 
‘eoOea00000 
agoun0808 
qgo0000cn0 
on000cD as 
SReR ee BD 
aqgoo000aa 
noo0ecna 


Oo080sb080 
oobo0008s0g8 
oosg00080 
OCEBSsERECE 
posooosao 
gocogaoocRes 
g#oo0osoe8o0 
OSs eeB8sos 


DO 


oeeen008 
eoseo00nga 
os9o0moea 
oOggso0oo08 
moomoooo 
pooososs 
geooooo0n0s 
ogsoo0o0co0 


OBgocoagaga 
oO0B80o00g0 
o00@8Dg808 
oo0gos8s8eo 
o00s0B800 
oogcgcnu0g 
ogocosoo 
eo0etoe0 


oeg0g0e0en 
Bo90g080 
oO@o080808 
ooBo@soo0o 
aqowosocge 
oogsosgo000 
oososg008 
oog0os80ca 


8o9o000080 
oeo0en0R0eg 
@woeoa080 
aq0o000008 
gsoooooga8a 
ogsoo0oeoa 
oogoMmogoo 
on0@8000®8 


OeBpono0ogas 
Qeso0o000es 
o0o0coogs 
OmggEgsooeos 
osge80oooss 
oosgs00c6e0 
ogsoocgoes 
og00e8saBs 


o0000800 
oOsgs#8#8o0c0e0 
opecoeos 
ocoo0cougBD 
Cgeacogod 
C#ggco0cs 
eaco00sea 
SO0G80080 


og08080g 
Booocoeoaaq 
Ce0S80808 
Ogss@eecoad 
Benosoe8os 
gsooso00sSs 
BOOB8008R 
omegcooono 


0; Ceegoe0s 
socos8soeao 
ecooseos 
Osempooeo 
Booosa0s 
geooomoegDo 
Oessognn 


D 
o1t1 |: 


O7} SoOe0080 
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MCM6590, MCM65911 (continued) 


FIGURE 12 — MCM6591 CHARACTER GENERATOR CODE (continued) 


@ Check Bits 


® Usable Character 


Q5000008 
Soeo0e#8s0 
o0gesog90s 
oOsgs008e880 


gsqocoooeg8®s 
Oasgeaezco 


saseBscod 
@aoo0oo0so 
eo0cogos 
seecoeaa 


oso0eogo0s8 
eo9gne0cso 
ce0ecea0ce 
gococosegd 
mpoooogoso 
gso0e8e0onogo 


eggeosas 
og8cososo 


998808088 


Go00o0eggng0 
o0e50g08 
ogsoooso08 
geooo0ooso 
ecoooogas 
goco0o0ogs 
Osseesoo 


oo08o00800 
Quo0gnn00g8 
90800080 
OCeB8sogsoo0 


geoocooses 


Qo9g0u0gn0g 
gogouo0u0 
oe090g0g 
Ossgueeso 
geoosoo008 
gseocosgo0o000 
goog0008 
Osseeue8o 


gog080g0 
oe0e0808 
gogo0a0go 


saqg0q0acss 
eo0Bo0ees0 
ceeeasogos 
Omsepasce 
geoooo0gado 
g00ccosas 
wacoooo0ss 
Cesgsseco 


ooenceao00 
og8oseaq008 
gogeq0eand 
Seaeegaeeo 
coos80c0s 
oo#go0o000 
osgoqg000 
saaneane 


o9n0e909gts 
gomo0eo8o0 
aooesca0s 
SSegeuse 
og8eqcco00gs 
oogssao000 
aqgo000ces 
Begaseso 


eoe0cea0qcuesb 
gqeog0g0s 
Boeo0eg0gsga 
obpoo0oo0o00m8 

Bb0000080 
oo00000gas 
oa0g0o0ggD 
BEeBeBease 


[OFORORORO RS ORC} 
esos09eng0 
aogee0snos 
@ecoocoos® 
osoooso00 
oogsoso008 
ooog8o008 
eenauEao 


ooe00g00 
ouogoo0o0s 
go0eqqc dso 
aepeesco 
oo000008m 
oo0g000B80 
noooo0osaad 
oo000808 


op0Gg0e0a 
soeucs0ga0 
o890e0so0e8 
cooooo00o0 
eooooosgs 
Suassaeueo 
gsoocooss 
o0000000 


gogoeo0gso 
ogaog0g0n 
gsoeg0oeo090 
SegagBease 
ooosaoo0o0n0 
ooo#sao008 
o00#@0000 
Saeeesase® 


ogsgcgq0na 
ga0n0GgseHn 
oegnecwoea 


ooogsa0c0g 
oo0o00B0s 
Benserpaso 


oos00800 


agucmac“ea 
@g@o00ge090 
@ageeseooo 
ooocosacs 
oo00000g8D0 
o0000@n00 
egeeseeccs 


oen0go0008 


eosogo0an 


oeowoe0a 
geeueednn 
qo0g00cos8gs 
oooo000gBno 
oooo000as 
weeesaesoD 


geoea0s0g0 
gqgomocec0g 
gogo0wogaq 
pooo00ns 


geoeoegov00E8 
go09o0o9an0 
oBoge80008 
Osgo0ocmea@ noe 
gecosoos8o 
gaoosgcaosa 
goosooss 
Omggso0oo0ogs8o00 


oo0@00000 
o90g0008 
goeea0gao 
Ogse8gcocoso 
gecoososono 
gsoog8es8o0n0 
geoogsooo0o0 
Seegeeec 


opo0g0008 
geo0cecsa 
oOB8080008 
Osasaeced 
gsooo0os808 
Booogcao 
gBeooo000gs 
Omgggseegsoo 


#0000080 
oe0g0gaoe 
mogoeo0ea 
Omegsgog00g 
gmpoogsoo0gd 
geoosoo0o0s 


Saeeuese 


H8eH0ee008R 
goe0eesd 
osoasou0a 
oo00os8000g 
ooa0g80000 
ooomooo0s 
oooso0008 
ooosgn0000 


oosoo0a0c 
Omes8ooeao 
goseos8aog 
oceoogean 
oogooeo0 
ooga00008 
ocosgcogon 
goo0800g0 


ogOo80908 
Soego0e080 
ogo0n0eng 
oo0000000 
euagnaee 
seoocooogaa 
goooo00a8s 
oo0000000n 


spo0g80co0gen 
Qqo00g8og0g 
ooog@aoso0 
oocooBoa 
eoogo0ew0gnd 


Ogses8oogea !/ coo00ng0s 
oB8co0a808 | so0ccoaga0 


oOscoogagea | ceoo0gce8 


omgQqao00g08 
oB80qgo00ga 
o8co00ga80 
Oge@asocogs 
opgo0se0g8 


#Beegeooo 
o000g8000 
ooos0g0g 
oogo00ge0 
ggeqoo0@oo 
geoouoo008 
Beesesccd 
goo0000g0 


ouagogog 
goeo00uen 
ogo0e0e08 
ga@ooo0coo 
oogo00008 
ooOossaaBso 
oo0@00008 
gegeoooo0oo00 


©o0e0ea0Eg0 
ouo0e0e0g 
soegoe8080 
geecocsss 
oog8o#soo00 
oo0osg0008 
ocoscgsco0o 


D 


1100 


cooo00e8n00 
o000cogagan0 
S@gegeooe 
gBoo0o0gas0 
gemooedco 
gBocooo0o0g 
BO000000 
e0n0oe0o0e0 


ogo0eg0ce0g 
eo0go0goano 
089080809 
oosgo000g80 
ooOsgDOOsa 
oososdgo 
cososgcesa 
COBSBBBBD 


GBo90e8000 


Og0g0nn0g 
GOe0e000 
Ob80H0008 
OCOsSBB BBO 
Ongsos00G. 
OOsosooo 
oosos008 
OOsSssRReO 


DO| cooo00eaa 
gosg000g8o 
oBgoooe0a 
Besaescen 
gomoooagndg& 
gqo@ooo0sen 
ono000gan0Ss 

07; soege0aao 


o00000go8 
o0000n08 


oo00cod#K8&<AasS 
oo0o0#a0o00 
aoo0o0o#wonoo0 
OOsaseaa8e 


oO8080008 
eoqgo90Mmon 
oecHo0g08 
OOS sesec 
ooecooc0m 
Cog#aogdno 
oog@ooco0s 
OOsmeeeno 


oog8o0qoa |] gsoco00Gga 


o000gg0g8 | 0o00nga09 
oo00coggnogsg | coa0gc0go 
Bcooc@#qgeasd|] gsencoccg@og 
eeeoooes | so000g08 
Boosoged;) s00000g80 
S2O0OO80SS | skaunooe 
Ope0csecEg | soscqcgosa 


o0g00G000 
og0g0008 
oouggeg0g0 
OOssesso 
ooo0000ga 
oocogco0s8a 
oooo000g8n0 
oooocosSaea 


oogcooss 
ocegagasso 
oos800c08s 
go0o000000 


oeoeoceoed 
o090g0008 
Bos80g08o 


Goaee0008 
oo90ssaad 
OBseoou09 
OOogasass 
aocoo0@ao 
oo00gogBsEas 
o0000088 
oCossaeBEaOo 


ooo0o0sa0 
o0000080 
esococs#ecech 
goocsaco 
gooos@an 
oporegoocgda 
no00008sa 


oeqn0g0s 
geoeocr09n0 
osoo0g08 


o 
oO 
a 
oO 
Q 
a 
Qa 
Q 
Q 
10] 


‘COsmsesgeao 


oogo000asg 
ooo0o0oaD 
oo0c00s8s 
oOasseeBso 


eago0s0en0 
osaG@on 08 
goeo900g0 


OsgRggosog 
gpoooo0eos 
cCegsecoss 
oo0gseaga 
eeeecoaa 
oOBB00808 


o0@e00800 
o0H0g0008 . 
aooen0n0 
oqoo0osgoogaa 


opososnongo 
oOosseeao 


ovo090008 
sog0gacsen0 
oo0e0008 
ooo0000g80 
OOomssaseae 
oogsoco0cad 
oogsg0008f 
oosBpsseeBo 


oos8000a0 
o00g0008 
pouo0soa0 
o00s8seas8o008 
opo@osaqgd 
oo@os8008 


eeogono0er 
goa00n80 
og000R08 
goo0080008 
qco@gogagoo0 
Ceoo0oea0e 
noso#sn00g 
ooosg0000 


ooco0oge#8o0 
oocoo0o0g8n0 
oO@govog0n 
eorogsaso 
oo0o0somo0 
oo000000g 
oo000gogg8o00 
BC0g008n 


omo0ou0B08 
GOVOHO8a 
oeogOoso8 
ooo@000g 
onowo00a 
OmeR8®OB8B8O0 
eoo0000as 
geoo0oo00s0 


oo0008000 


Q 
iC} 
a 
a 
oO 
8 
a] 
g 


oog800g8 
go0ga0cg0 
oo0g8008 
oo0000 
coso0g 
ogog8008 
gGoe0geo 


oOosgCcoeso;] adgsoo00 


ODOBBOae 
o0Bg800g08 
oosgscoe#sa 
gspoooeseos 
oogcoo0as 
oo00gs8cea 
jefogoweforcialo) 


o00000800 
ogo0e000n 
Hoeaee0n0 
gqosgo00gmno 
oosBsD0cRES 
GCOsg0seOoB80 
COmOosase 
oosgo000g0 





oso000n0g 
ooso00080 
ogos0og0ua 
oOoOgm@sooo 
ooo0o#s#008 
oocossgsgOo 
oo0o0o0s80008 
oosga@acndo. 


00}; cocooeoa 
ggnggoo0ga0o 
geoocogqog 
Oso#so0ogo 
cosotvsoa 
oBsogqcosa 
gooose08 

D7} soeo8o080 
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MCM6590, MCM65911 (continued) 


MCM 6591 CODE CONVERSION 


Tables 13 through 18 present the coding used in the decimal form in these figures. The outputs are given in 
code conversion sections of the MCM6591. A10 is held hexadecimal form only. The format is illustrated in the 
high for all code conversions. following example. 


The addresses are given both in decimal and hexa- 


[aan doe] 


A10...A0 | D7...D0 
104749. 100000101113 | 011000112 


10474109 41716 6316 


Example: 






- Table Format 





FIGURE 13 —SELECTRIC TO ASCIt 


| our | | Address | out | 
‘| 24 AO 
7D - 
co 
A3 
A5 
AG 
BE 
AA 
24. 
Ag 
5A 
28 . 
12 
1 
05 
pay 
D4’ 
D8 
4e 
55 
C5 
44 
“4B 
C3 
cc 
48 
1E- 
42 
9c 
OA 
“47 
90 


Address 


| Address | out _| 
400 AO 


401 B1 
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MCM6590, MCM65911 (continued) 


FIGURE 14 — ASCII TO SELECTRIC 


[Address | our_| [| address | our | | Address | out _| 


| Address | Out_| 





































AF 00 42 77 
1B AO E7 27 
8B E4 DB 1B 
1E C3 D7 17 
OF 48 55. 95 
4— 44 D4 14 
BB C5 : F3 33 
BE 24 71 B1 
2E 4B 59 99 
BD cg 66 A6 
1D 47 FO 30 
AA 72 56 96 
6A B7 D8 18 
2D BB E1 21 
8E E2 D2 12 
7E B8 E8 28 
5F 09 74 ; B4 
4D 81 F6 36 
oc 82 65 AS 
8D 03 69 AQ 
3C 88 50 90 
AO 84 53 93 
6F ' 06 63 A3 
DE 05 EB 2B 
AO 87 D1 1 
AC 8B FQ 39, 
9C F5 CA OA 
OF 35 41 41 
5C 60 41 41 
6C B2 41 41 
6C C6 41 41 


5C 78 7B 3F 





FIGURE 15 — MODIFIED 8-BIT HOLLERITH TO ASCII 


[Aarons [ow | [__Attres [ow] [Aatros [om] [hares [on] 





(continued) 
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MCM6590, MCM65911 (continued) 


FIGURE 15 — MODIFIED 8-BIT HOLLERITH TO ASCII (continued) 


OE TT 


[aes Ton] 








FIGURE 16 — ASCII TO MODIFIED 8-BIT HOLLERITH 


a a 





(continued) 
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MCM6590, MCM6591 (continued) 


FIGURE 1S — ASCII TO MODIFIED 8-BIT HOLLERITH (continued) 


en 


a 





FIGURE 17 — EBCDIC TO ASCII 


[Adaress _| Out | | Address | Out _| 





(continued) 
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MCM6590, MCM65911 (continued) 


FIGURE 17 — EBCDIC TO ASCII (continued) 


[sates Tou] [natn Ton 


eae ee 





FIGURE 18 — ASCII TO EBCDIC 


[Address | Out_| 
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MCM6590, MCM65911 (continued) 


APPLICATIONS INFORMATION 


Typical applications for the MCM6590 include micro- 
processor control storage, CPU microprogramming, code 
converters, character generators, look-up tables, and ran- 
dom logic replacement. 

Figure 19 shows a system controller based on devices 
from the M6800 Microcomputer Family, and using the 
MCM6590 to store control programs. Software instructions 
in the ROMs cause. the system to read data from the input 


lines, perform computations in the RAM, and direct 
appropriate response by the outputs. 

In this minimum system configuration, the need for 
decoding of the high order address bits is avoided by 
selecting each device on the address bus with one of the 
high order address lines (A11-A15). The MCM6590 ROMs 
are selected by A1l2 and A13, and the PIA is selected 
by A14. . 


FIGURE 19 — MICROPROCESSOR-BASED SYSTEM CONTROLLER 


00-07 


MC6800 
Microprocessor 


PBO- PAO- 
CB2 CB1 PB7 PA7CA2 CA1 


» Output Input 


*8-Bit Bi-directional 
Data Bus 


MCM6810 
128 x 8 Bit 
RAM 


MCM6590 
cs 2K x 8 Bit 
ROM 


A0-A10 


MCM6590 
2K x 8 Bit 
ROM 


A0-A10 * 


Note: Only address and data bus signals shown. 
Unused chip selects are enabled. 








MCM6590, MCM65911 (continued) 


PACKAGE DIMENSIONS 


MILLIMETERS INCHES 























c 


NOTES: 


a 
. 1, LEADS WITHIN 0.13 mm 
ul iH ni K (0.005) RADIUS OF TRUE 
ear i POSITION AT SEATING 
qioan lp F \ PLANE WITH MAXIMUM 
—-| KH SEATING PLANE MATERIAL CONDITION. 
LEAD NO. 1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 
DIM "L” TO INSIDE 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 


‘ CASE 684-04 
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MCM14524AL 
MCM14524CL 
MCM14524CP 





1024-BIT READ ONLY MEMORY 

The MCM14524 is a complementary MOS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory 
special with its unique pattern specified by the user. 

This ROM is organized in a 256 x 4-bit pattern. The contents 
of a specified address (<< AO, A1, A2, A3, A4, A5, A6, A7 >) will 
appear at the four data outputs (BO, B1, B2, B3) following the 
negative going edge of the clock. When the clock goes high, the data 
present at the outputs will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and resetting 
the output /atches. This device finds application wherever low power 
or high noise immunity is a design consideration. 


McMOS 


(LOW-POWER COMPLEMENTARY MOS) 


1024-BIT 
(256 x 4) 
READ ONLY MEMORY 


Diode Protection on All Inputs 

Noise Immunity = 45% of Vpp typical 

Quiescent Power Dissipation — 25 nW/package typical @ 5 Vde 
Single Supply Operation — Either Positive or Negative 


i SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Memory Enable Allows Expansion 
Output Latches Provide a Useful Storage Register 





TRUTH TABLE 


CLOCK | ENABLE a 


aes ces es ass 


OUTPUT — 


LATCHES P SUFFIX 


PLASTIC PACKAGE 
X = Don't Care CASE 648 
*Indicates contents of specified Address will appear at outputs as stated above. 





BLOCK DIAGRAM 
2 


Enable o >° 


1 


Clock oO] >o 


15 
AQ O | >° 

14 ; 
A10 Vop = Pin 16 
Vsg = Pin 8 








7 
A2 0 


Memory Address Output 
Matrix Decoder Py | s6Latch and 
(32 x 8) (1 of 8) Buffer 


Address Output 
(32 x 8) Decoder Latch and 
1 of 32 - (1 of 8) Buffer 
Address 


Decod 
oe ot Address ~ Output 


(32 x 8) Decoder Latch and 
(1 of 8) Buffer 





Address Output 
(32 x 8) Decoder |} Latch and 
(1 of 8) Buffer 
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MCM 14524 (continued) 


MAXIMUM RATINGS (voltages referenced to Vgs, Pin 8) 


| Symbo! [Value 


DC Supply Voltage MCM14524AL Laer +18 to -0.5 ee | 






This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tions of any voltage higher than maximum rated 
voltages to this high impedance circuit. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vsg 
or Vpp). 












Input Voltage, All Inputs 


MCM14524CL/CP +16 to -0.5 
[Vin [Vopto-o5 [vee 
DC Current Drain per Pin 


Vopb Vde 
Vin Vde 
3 od made 
Operating Temperature — MCM14524AL Ta -55 to +125 Te) 
Range MCM 14524CL/CP -40 to +85 


Storage Temperature Range -65 to +150 









ELECTRICAL CHARACTERISTICS 


__Ttow* 
_ Characteristic Symbol | Vdc | Min 


Output Voltage “0” Level Vout 
, : “41” Level : 
10 
15 


Noise Immunity * 
(Vout < 0.8 Vde) 
(OVoue < 1.0 Vde) 
(4Vout € 1.5 Vdc} 
(Vout < 0.8 Vde) 
(Vout < 1.0 Vde) 
(Vout < 1.5 Vde) 


Output Drive Current (AL Device) 
(VOH = 2.5 Vde) Source 
(Von = 9.5 Vde) 

(VoH = 13.5 Vdc) 





0.05 


a < 
2] 

oO 

oO 

= 


4.99 4.95 
9.99 9.95 
14.95 14.75 


1.5 2.25 
3.0 4.50 
4.5 6.75 


n 
° 


_ 
a 


(VoL = 0.4 Vde) Sink 
(Vo. = 0.5 Vdc) 

_ (Vor = 1.5 Vde) 

Output Drive Current (CL/CP Device) 
(VOH = 2.5 Vde) Source 
(VoH = 9.5 Vde) 





(VgH = 13.5 Vde) 


(Voi = 0.4 Vdc) Sink 
(VoL = 0.5 Vde) 1 
(VoL = 1.5 Vde) 15 


VNL 

VNH 

IOH 

JOL 

'OH 

'OL 
Input Current 
Cin , 











Input Capacitance 
(Vin = 0) 


o 
Oo 


Quiescent Dissipation (AL Device) 


Quiescent Dissipation (CL/CP Device) ae 


= 
oO 


0.00010 
0.00023 
0.000025 


= 
aon 


1 
1 
5 
1 
1 


0.00010 
0.00023 





Pp = (7.0 mW/MHz2)f + Pa 


Pp = (30 mW/MHz) f + Pq: 
Pp = (75 mW/MHz) f + Po 


ie) 
0 
5 
Power Dissipation **t 0 
(Dynamic plus Quiescent) 0 
(CL = 15 pF) 5 
*Tlow = 55°C for AL Device, -40°C for CL/CP Device. 
Thigh = +125°C for AL Device, +85°C for CL/CP Device.: 
#Noise immunity specified for worst-case input combination. 
tFor dissipation at different external load capacitance (C;) use the formula: 
Pr(C_) = Pp + 1x 10-3 (Cy -15 pF) Vpp2F 
where: P7, Pp in mW (per.package), CL in pF, Vpp in Vdc, and f in MHz is input clock frequency. 
**The formula given is for the typical characteristics only. : > oe 
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MCM 14524 (continued) 


SWITCHING CHARACTERISTICS (C, = 15 pF, Ta = 25°C) 












Characteristic 


a] aa CL/cP 
seiee eee AllType sevice Device Unit 
1325 2650 3975 
oa 1050 1575 
790 1185 
1 38! 570 
160 240 
120 180 


pe 0 

175 200 
75 1 oe 

55 
é 150 300 450 
HEE 
85 125 
1200 2400 3600 
pl 950 1425 
715 1070 









Symbol 

Clock Read Access Delay Time 
tacce * (1.0 ns/pF) Cy + 1310 ns 
tacce =. (0.43 ns/pF) CL + 518 ns 


tacec 
5.0 
10 
tacec = (0.29 ns/pF) CL + 351 ns 15 
Enable Access Delay Time tacce , 
Secee. Oh 18 ns/pF} Cy + 173 ns 50 
tacce = (0.57 ns/pF) Cy + 71 ns 10 
taceg, = (0.29 ns/pF) CL + 51 ns 15 


Output Rise and Fall Time ‘ ty, te 
tr. te = (1.7 ns/pF) CL + 49 ns 5.0 
tr te = (1.14 ns/pF) Cy + 18 ns 10 
ty, te = (0.86 ns/pF) C_.+ 12 ns 15 
Minimum Clock Pulse Width* 
PWeL 5.0 
10 
15 

























Sola 
ano 


Maximum Low Clock Puise Width# PWeL 2.0 
0.9 a 
0.1 0.3 








Address Setup Time 


tsetupA | 5.0 
10 
15 
tholdA 5.0 
10 
15 


Address Hoid Time 


1425 2850 4275 
575 1150 1725 
400 865 1295 





Minimum Clock to Enable Setup Time 











Minimum Clock to Enable Hold Time tholdC 5.0 100 as 
10 50 
15 40 


*The clock can remain high indefinitely with the data remaining latched. 
#\f clock stays low too long, the dynamicatly stored data will leak off and will have to be recalled. 


FIGURE 1 — OUTPUT DRIVE CURRENT FIGURE 2 — SWITCHING TIME TEST CIRCUIT 
TEST CIRCUIT (Refer to timing diagram) 


Pulse 
Generator 


Pulse 
Generator 


Clock at 100 ke 
Putse Width = 300 ns 


Pulse 6 
Generator 


Notes: 
1. Source current, address ROM to obtain a ‘‘1”’ 
on ail four outputs (BO thru B3). 
2. Sink current, address ROM to obtain a ‘’0” 
on all four outputs (BO thru’ B3). 


Note: 
Address ROM to obtain level change when 
clocking any one address line. 
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MCM14524 (continued) 


MEMORY READ CYCLE TIMING DIAGRAMS 

























a) Using Clock to 


Read Memory P 
Address me Address Valid | \f% Don't Care 
Input Yy ° (Address must be fixed) (Address can be changed) 


20 ns 











Clock Input 50% 




















10% 
tsetupa 
nae Enable pulse not required 
Input : : ‘ 
in this diagram to read memory 
: VOH 

Data Data is A Outputs remain reset 
Output valid 30% Mella if clock is high 

ke ada Access “‘O" if clock is hig 







VoL 


*Data outputs always go to the logic ‘’1’’ state before the data is valid 
between accessing successive ‘'0’s’’ 
b) Using the Enable **Outputs forced to ‘‘0’’ by Enable. 


to Read Memory 


“wn Gis mvs NYY 


Clock 
Input 





Enable 
Input 


Access ‘'7"’ 


Data 
Outputs 







Access ‘’0" 





#The data outputs are valid without the logic ‘1 pulse occurring 
during the access cycle as shown in a) above. 


T In this mode of operation, the negative going edge of Enable 
should occur on or before the clock negative edge. 












CUSTOM PROGRAMMING 


By the programming of a single photomask for the MCM14524, 
the customer may specify the content of the memory. 


Address Inputs: 
Words are numbered 0 through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
_ as the least significant digit. 
Logic ‘’0” is defined as a “‘low’’ Address input (V)__). 
Logic 1" is defined as a ‘‘high’’ Address input (Vj) 14). 


ADDRESS ; 
A7 | A6 {AS | A4 | AB |} A2 | A1 | AO 
0 0 0 0 0 0 


Word 255 
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MCM14524 (continued) 


Two methods may be used to transmit the custom memory 
pattern to Motorola. BINARY TO HE XA- 
DECIMAL CON- 
VERSION TABLE 
BINARY 


METHOD A: PUNCHED COMPUTER CARDS WORD 
23 DESIRED JCHARACTER 


jo) 


A binary coded decimal! equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order.. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 


NOOBILWN-O 





soe 3/OCODOf4=---/0000 
==00/-=-o00[--oo0|/--0o 


mmMoO]wRpoa 





ROM SAMPLE WORD PROGRAMMING FOR.PUNCHED CARD 





SAMPLE WORD 
ADDRESS INPUTS OUTPUTS : 
WORD CARD 
NUMBER “7 “s As AA “3 “2 “ AO 3 = CHARACTER 
ie) 

: Shown in columns 

1 12 — 15 on card 

0 below 

me) 
: Card . 
WORD NUMBER No. 


01234 66789 1011 12 13 14 15 16 1? 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54°55 56 57 58 59 60 61 62 63 01 


02000 0 AEE MELELEUE 


2 8 FE 42 13 14:15 18 17 18 19 20-21 22 23 24 25 26 27 


TUPTTEPT PT Eataatidid 
222222 22222222222222222222222222222222222222222222222222222222222222222222222222 


GRGGGES 
PE REE EET 
1111014 


| 
3 


7 


i 


Hall gogooo 
39 48 4 4 5 


9 48 ay 15:76 17 78 78 80 


i 
ed] 
1ittd 


] 
# 
1 


333333333333QM333333333333333333333333333333333333333333333333333333333333333333 
AFEMAAGAGAAGEAATAAAAAASAAGAGGAAAAAGASAAAAAGAAAGA AAAS AGG A AGE4A44G444 444444444 a 
SSSSSSSSSSSSSSS SS SSS SSS SSS SS SS TSS SSS SS SSS SSS S SUS SSS S SSS S SSH SSS SSH SSS SSHSSSSHSSS 


GEEEEECEESEECEGES EGE GSEGESEGEESEGSEGEEEGEEEEEE6EEEEECEGEEE CEE GEEEE CEE EGEEEEEEESEE 


DUVFTVDTTVVT TTT TTT TTT TTT ddd 
TOLLE LCL LLL LL LLL LLL LLL ELE LLL LLL LELELLELE 
$9999999999999999999999999999999999999999999999999999999999999999999999999 


VS 9 WOVE 12:13 $4 1S 1G IT A US 20 21 22 23 24 25 26 27 20 28 38-37 32 33 36-38 36 97 3939 40 At 42 45 44 45 AE 47 4a 49 50 ST $2 53-54-55 56 57 58 59 GS G1 62 $3 C4 65 BS EP £3.69 79 11:72 :73:04 75 48 17 18 19 OD 
STANDARD FORM 5081 
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MCM 14524 (continued) 


METHOD B: TRUTH TABLE 


When filling out the 


for a low. 


Use of the truth table presents a simple and direct way to input 


the memory pattern desired to Motorola. 
table please use a ‘1’ for a high, and a ‘“‘0” 





2 SRR BRERA ERR ARRAS R EER ER RARER RETR RRR RRR 
SSSR ERE DER EMR ERA AER SRR ERR SRR RRS 






ee Ee Seren Sree ae eT Ty ST ee PT Tae hice ee IST In Waals ee ees ie 





gE ee sheet feo rescore tT feeder ape Persie ee TT esse eb Pe 
ea ea ee yO eS ee re Pea Src] ae ep ye 
DERE CERES RELEASE RAS eR EE ERR eee 


© 
NS 





CUSTOM PROGRAM for the MCM14524 Read Only Memory 





reid i era eer ERRERRESERER 
pred aah ue eager | PCE ee al eb este ibs Vea eta eT Pevle NS sel a Sl eta ee eh Tel 
7 eee ee ee cee eee eee Ree Ee aR 
Se ee eee ere aah Pea ee a eR ae Eee eel dee 


ie ae R Renee ena SAS eR eRe 


nl ola 1 olm|o ~ 

sph in foe) 00} 00 | 00 o 
7 : 
ea o wloln - 3) ofr a ofato rnfolalo o;st i : 
re) NTO & = elele N nN ala a ee Rood Be) ole/ol¢s tit + 
s 
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MCM14524 (continued) 


PACKAGE DIMENSIONS 





Devices packaged in Case 620 fall 
within one of the given sets of dimen- 
sions. Further identification is available 


L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


MILLIMETERS] INCHES | 





| 0.055 | 0.065 | 

| _2.54BSC__| 0.100 BSC_| 

[ast | 1.14 | 0.020 | 0.046 | 

| 0.20 | 0.30 | 0.008 | 0.012 | 

| 3.18 | 4.06 | 0.125 | 0.160 | 
| 7.37 | 7.87 | 0.290 | 0.370 

|_~ [150] 


| 0.310 | 
| - | 15° | 
| 0.51 | 1.02 | 0.020 | 0.040 
CASE 620-02 








° 

wy 

o 

: bol Daa 
ols 
o/c 
—) 
rls 
> 
—) 
[—=} Fam} 
NIN 
ol 
=) 


eee a 0.020 | 0.045 


LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 

2 PKG.INDEX: NOTCH IN LEAD 

- NOTCH IN CERAMIC OR INK DOT 

3° DIM “L” TO CENTER OF LEADS 
WHEN FORMED PARALLEL 


_ LEADS WITHIN 0.13 mm (0.005) RADIUS 


OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 


. PKG. INDEX: NOTCH IN LEAD 


NOTCH IN CERAMIC OR INK DOT. 


. DIM “A” AND “B" DO NOT 


INCLUDE GLASS RUN-OUT. 


. DIM “L” TO INSIDE OF LEADS (MEASURED 


0.51 mm (0.020) BELOW BODY) 





upon request. 








fren f 


L os ane searing 


| J | 0.20] 0.30{ 0.008 | 0.012 | 
| K | 254] - | 0.100, - | 
aaers 49 mr 89 0.288 295 2380 


Pacer tox tome Pa an 0.040 
CASE 620-04 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Pe a ae 
at on7e | 214 | Osis | OAD 


ae CASE 648-03 
NOTES: 
1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 
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MCM6810A . 
MCM68111A 
MCM68112A 


MCM6830A* 
MCM68317*# 
MCM6832*+ 
MCM68708# 


to each individual pattern. 
#To be announced 
tMetal Gate NMOS 










YSTEM MEMORIES 


The Iesoo family of parts has. beer designed to set the standard. for microcom- 
puter system architecture. Included: in. this family are a umber of Random Access 

_Memories and: Read Only Memories to fill the needs of a variety of PRPICARONS: 
Both static and ‘dynamic memories:are available. 


. Static 


Static, Common i/O and Output Disable 


Static, Common t/O 


Mask-Programmable 
Mask-Programmabie 
Mask-Programmable 
Alterable ; 


Organization 


4-2 


. “Access 


Time 
(ns max) 





‘Power’ 


Supplies. 


(Vv) 


680, 707 
620, 648 








MCM6810AL 





Advance Information Mos 


(N-CHANNEL, SILICON-GATE} 


128 X 8-BIT STATIC RANDOM ACCESS MEMORY 128 X 8-BIT STATIC 


RANDOM ACCESS 
MEMORY 










The MCM6810A is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and needs no 
clocks or refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing random storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. 

Organized as 128 Bytes of 8 Bits 

Static Operation 

Bi-Directional Three-State Data Input/Output 

' Six Chip Select Inputs (Four Active Low, Two Active High) 

Single 5-Volt Power Supply 

TTL Compatible 


Maximum Access Time = 500 ns 


CERAMIC PACKAGE 
CASE 684 


PIN ASSIGNMENT 


ABSOLUTE MAXIMUM RATINGS (See Note 1) 


Rating Symbot | vatue | unit | 





Operating Temperature Range 
Storage Temperature Range -65 to +150 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time could affect device reliability. 





M6800 MICROCOMPUTER FAMILY MCM6810A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM ; BLOCK DIAGRAM 


MC6800 
Microprocessor 


Memory Addres$ 
and Control 


Address Data 
Bus Bus 
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-MCM6810A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS 


| : 
3 a 
[Max | 








DC CHARACTERISTICS 
i Characteristic 
Input Current (An, R/W, CS, CSp) 
(Vin = 0 to 5.25 V) 


Output High Voltage 
(loH = -205 2A) 


Output Leakage Current (Three-State) 
(CS = 0.8 V or CS = 2.0 V, Vout = 0.4 V to 2.4 V) 


Supply Current : 
(Vcc = 5.25 V, Ta = 0°C) 


CAPACITANCE (f = 1.0 MHz, Ta = 25°C, periodically sampled 

rather than 100% tested.) This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 






normal precautions be taken to avoid application 
of any voitage higher than maximum rated volt- 
ages to this high-impedance circuit. 


Input Capacitance Cin 7.5 






: Characteristic 





BLOCK DIAGRAM 


Memory 
Address Matrix lees 
Decode (128x8) [og] 


OWN OOHRWHN 


Memory 
Control 


Vec = Pin 24 
Gnd = Pin 1 
16 Read/Write 
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MCM6810A (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature uniess otherwise noted.) 


RECOMMENDED AC OPERATING CONDITIONS FIGURE 1 — AC TEST LOAD. 
5.0 V 
RL =2.5k 


MMD6150 
or Equiv 


Test Point 


130 pF* 
MMD7000 
or Equiv 





READ CYCLE TIMING 


$$$ $$ teye(R) 





Address CI 


aa. 









| canine 
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MCM6810A (continued) 


WRITE CYCLE (AII timing with t, = tz = 20 ns, Load of Figure 1; Input pulse levels = 0.8 V to 2.0 V) 
Characteristic — 


Data Hold Time 





WRITE CYCLE TIMING 


9 a tec (WW) 


Address ¢ eau LX | 
tAS | <_§-———__—____— 'cs eee ere eer 


cs oN WLLL 


F20v 





= one C2?» 0.8 V 








Data In Stable 


PACKAGE DIMENSIONS 











NOTES: 


MILLIMETERS] INCHES 
1. LEADS WITHIN 0.13 mm 
om MIN [ MAX | MIN [ MAX (0.005) RADIUS OF TRUE 
29.34 | 30.86 | 1.155] 1.215 POSITION AT SEATING 


1270 | 14.22; 0.500; 0.560 | PLANE WITH MAXIMUM 
3.05 | 3.94] 0.120 | 0.155 MATERIAL CONDITION. 
0.38 | 051] 0.015 | 0.020 LEAD NO. 1 CUT FOR 
+ IDENTIFICATION, OR 
0.89 | 1.40 | 0.036 | 0.055 
BUMP ON TOP. 
2.54 BSC 0.100 BSC i 
+ 01M "L” TO INSIDE 
0.89 | 1.40} 0.035 | 0.055 
OF LEADS, (MEASURED 
0.20 | 0.30 | 0.008 | 0.012 0.51 mm (0.020) BELOW 
2.92 | 3.68; 0.115) 0.145 PKG BASE) 
14.86 | 15.87 | 0.585 | 0.625 
= 158 = 18S 
O51} 1.14] 0.620 [ 0.045 



























































ek he al ea 


SEATING PLANE 
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CASE 684-04 
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-MCM68111AL 
MCMG8111AP 


Product Previ 
[Product Preview __| ae 


(N-CHANNEL, SILICON-GATE, 
DEPLETION LOAD) 


256 X 4-BIT STATIC 
RANDOM ACCESS 
MEMORY 


256 x 4-BIT STATIC RANDOM ACCESS MEMORY 


The MCM68111A is a 256 x 4-bit static RAM designed for use in 
bus-organized systems. It is fabricated with high-density, high-retia- 
bility, N-channel, silicon-gate, depletion load technology. For ease of 
use, the device operates from a single power supply, is directly com- 
patible with TTL and DTL, and requires no clocks or refreshing 
because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing random storage in 4-bit increments. Memory 
expansion is provided through two Chip Select inputs. 

1024 Bits Organized as 256 x 4 

Static Operation 

Bi-Directional Three-State Data Input/Output 
Two Chip Select Inputs for Memory Expansion 
Output Disable ; 
Single 5-Volt Power Supply 

Direct TTL/DTL Compatibility 

Maximum Access Time = 450 ns 


with Common Data Inputs/Outputs: 
and Output Disable 


L SUFFIX 
CERAMIC PACKAGE . 
CASE 680 





ABSOLUTE MAXIMUM RATINGS (See Note 1; Referenced to Vgc) 
Ta 











Operating Temperature Range | ta |. Oto+70 | 
65 10 +150 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation. should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voitages for extended 
periods of ‘time could affect device reliability. 


Storage Temperature Range 





P SUFFIX 
PLASTIC PACKAGE 
CASE 707 





M6800 MICROCOMPUTER FAMILY MCM68111A RANDOM.ACCESS MEMORY . 
BLOCK DIAGRAM BLOCK DIAGRAM 


MC6800 
Microprocessor 


Read Only 
Memory 


68 ea 


Memory Address 
andControt . 


Address Data 
Bus Bus 





This is advance information and specifications are subject to change without notice. 
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MCM68111A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Reterenced to Vss). 


Symbol 
Supply Voltage ; 


Input Low Voltage 









DC CHARACTERISTICS 


Characteristic 


Input Leakage Current 


(All Inputs; Vin = 0 to §.25 V} pn | 


Output Leakage Current (Three-State) ILo 
ACS = 2.0 V, Vour = 0.4 to 2.4 V) 


Output High Voltage “ VOH 2.4 
(lon = -205 #A) 





Output Low Voltage VoL 
(op =1.6 mA) 


Power Supply Current 
(Ta = 0°C, Vcc = 5.25 V) 
CAPACITANCE (Periodically sampted rather than 100% tested.) 
; Characteristic 












Input/Output Capacitance 

(Vi/Q = OV, £ = 1.0 MHz, Tap = 28°C) 
-Input Capacitance, Other Inputs . 

(Vin = 0 V, f = 1.0 MHz, Ta = 25°C) 


AC CHARACTERISTICS 
(All timing with t; = t¢ = 20 ns; Load of Figure 1) 
READ CYCLE {input pulse levels = 0.8 V to 2.0 V) 


a 
[chip Select to Output Delay SSCS tcc 
[Output Enoble xo Ourput Dey ——SSCSCS~St 






WRITE CYCLE (input pulse levels = 0.8 V to 2.0 V) 
a OC 
Wether SS 
cig Steet ule wants 
|Address Setup Time tC 
| AH | 
| taWR _| 














‘ane 
CC a SC aR 
[Date SetupTime SSS tg] 
TE aa CSCS ERE SE 





MCM68111A (continued) 


FIGURE 1 — AC TEST LOAD 


5.0 V 


RL =2.5k 


Test Point MMD6150 


130 pF * 
MMD7000 
, : 


“Includes Jig Capacitance 





FIGURE 2 — READ CYCLE TIMING 


$1 
cs2 


eee en eae; ODLLLLLLL 


*: CALI LLL 


FIGURE 3 — WRITE CYCLE TIMING 











2.0 Vv 


Address C| 0.8 Vv 


tas ——_—- 


cS1, CS2 Qo, o8v 
Bieelae any 
Tawr” 


0 COLL 





n SA J 
YL Se ies. * Output Disable Sibi e hard-wired to Vgg and left u used. If this is done, B/W = Vi 
is use d to insur! 


a three-state 1/O buffer before v aidan nput is red for a write 


cycle. Using the timing shown, 20 ns is allowed between a three-state condition and 
Data in [tw - tog - (toHw max) = 300 - 190 - 90 = 20 ns]. This time may be 
xtended by widening tw. 
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MCM68111A (continued) 


DESCRIPTION OF BUS INTERFACE EXPANDED BLOCK DIAGRAM 


The MCM68111A is compatible with the M6800 bus. 
The high-impedance address inputs offer low leakage cur- 
rents and low capacitance. They are readily connected to 
the address bus. The CS inputs, R/W, and Output Disable Memory 
also offer these advantages. pale Matrix 

The MCM68111A uses a three-state I/O buffer, allowing 32 x 32 
the memory to be connected to the data bus. The I/O 
buffer will be at a high impedance state when the memory 
is either deselected (CS = Vj), is in the write mode 
(R/W = V{L), or the output is disabled (OD = Vj). 
During this time, the |/O ports exhibit low leakage currents 
and low capacitance. When the memory is selected, 
outputs enabled, and in the read mode (R/W = Vj), the 
1/O buffers will actively drive the data bus to its proper 
levels. 





PIN This device contains circuitry to protect the 

inputs against damage due to high static volt- 

ASSIGNMENT ages or electric fields; however, it is advised that 

normal precautions be taken to avoid applica- 

tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 





oan OaekwWnd a 





PACKAGE DIMENSIONS 





1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 
2, NOMINAL OIM FROM CENTER OF LEADS 
- PARALLEL TO O1M “L" IS 7.62 mm (0.300"). 


" CASE 680-04 


CASE 707-01 
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Product Preview 


256 x 4-BIT STATIC RANDOM ACCESS MEMORY 


The MCM68112A is a 256 x 4-bit static RAM designed for use in 
bus-organized systems. It is fabricated with high-density, high-relia- 
bility, N-channel, silicon-gate technology. For ease of use, the device 
operates from a single. power supply, is directly compatible with TTL 
and DTL, and requires no clocks or refreshing because of static 
operation. 

The memory is compatible with the M680G Microcomputer 
Family, providing random: storage in 4-bit increments. Memory 
expansion is provided through a Chip Select input. 

@ 1024 Bits Organized as 256 x 4 

Static Operation 

Bi-Directional Three-State Data Input/Output 

Chip Select Input for Memory Expansion 

Single 5-Volt Power Supply 

Direct TTL/DTL Compatibility 

Maximum Access Time = 450 ns 


MCM68112AL 
MCM68112AP 


MOS 


(N-CHANNEL, SILICON-GATE) 


256 X 4-BIT STATIC 
RANDOM ACCESS 
MEMORY 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





ABSOLUTE MAXIMUM RATINGS (See Note 1; Referenced to Vgg) 


se 
ET 


PIN ASSIGNMENT 












Vcc 
Vin 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- | 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- © 
ING CONDITIONS. Exposure. to higher than recommended voltages for extended 
periods of time could affect device reliability. 





M6800 MICROCOMPUTER FAMILY - 


MCM68112A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM ‘ 


BLOCK DIAGRAM 


mMcé6s00 
Microprocessor 


Read Only 
Memory 


Memory Address 
and Control 


Address Data 
Bus Bus 





This is advance information and specifications are subject to change without notice. 
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MCM68112A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs). 


Symbal 


Input Low Voltage : Vit 
Input High Voltage 


DC CHARACTERISTICS 


. Characteristic 


Input Leakage Current 
{Ail Inputs; Vin, = 0 to 5.25 V) 


Output Leakage Current (Three-State) Ito oan ae 
(CS = 2.0 V, Vout = 0.4 to 2.4 V) 

Output High Voltage / OH 2.4 

Output Low Voitage VOL 















Power Supply Current Ice 
(Ta = 0°C, Voc = 5.25 V) 


CAPACITANCE (Periodically sampled rather than 100% tested.) 


Symbol 


Input/Output Capacitance Ci/0 pF 
(Vi/o = 0 V, f = 1.0 MHz, Tp = 25°C) 






Input Capacitance, Other Inputs Cin 
(Vin = 0.V, f = 1.0 MHz, Ta = 25°C) 


AC CHARACTERISTICS 
(Ait timing with ty = tf = 20 ns; Load of Figure 1) 


READ CYCLE (input pulse levels = 0.8 V to 2.0 V) 


eS 
[Reed GycleTime SSS teyetsy 880 | 
TS a eT SA A 
[chip Select to Output Dewy ——~SCSCS~C~CS~S~S~—~SSSSg 
[Dota Hola from Address SSS tg td 
eee 
ae eae 
[win | 











Data Hold from Deselection 
Data Hold from Write 


WRITE CYCLE (input pulse levels = 0.8 V to 2.0 V) 


; Characteristic 
Write Cycle Time : 



















Write Pulse Width 
Data Setup Time ae eee 
Data Hold Time 


MCM68112A (continued) 


FIGURE 1 — AC TEST LOAD 










TpHO 
; et HW | 










on LLMLLLLLLLLLL LLL LLL LLL 28 
aw Wf POW 








MCM68112A (continued) 





DESCRIPTION OF BUS INTERFACE EXPANDED BLOCK DIAGRAM 

The MCM68112A is compatible with the M6800 bus. 
The high-impedance address inputs offer low leakage cur- “AO 4 
rents and low capacitance. They are readily connected to © Al 3 
the address bus. The CS and RW control inputs also offer Pe ‘ pend 
these advantages. 32 x 32 

The MCM68112A uses a three-state 1/O buffer, allowing A3 : 
the memory to be connected to the data bus. The |/O A4 15 
buffer will be at a high impedance state when the memory ae 
is either deselected (CS = Vj}) or is in the write mode "es 5 
(R/W = Vi). During this time, the I/O ports exhibit low /O2 10 Poe 2 Column 
leakage currents and low capacitance. When the memory is VO3 11 Select 
both selected and in the read mode (R/W = Vj), the I/O WA oTe. 
buffers will actively drive the data bus to its proper levels. Voc = Pin 16 

Vgg = Pin 8 ie. 8 5 e iJ 
cS =R/W AS A6~ AT 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised that 


normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. 





PACKAGE DIMENSIONS 








CASE 620-04 CASE 648-03 








= 





aL Se le SP PLANE = i ile a= LA SEATING aL, : 













a [MILLIMETERS] om MILLIMETERS INCHES NOTES: 
PMN TMA NOTES: [| MIN [MAX [| MIN | MAX | 1. LEADS WITHIN 0.13 mm 










1. LEADS WITHIN 0.13 mm (0.005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PKG. INDEX: NOTCH IN- LEAD 
NOTCH IN CERAMIC OR INK DOT. 

3. DIM “A’- AND “8” DO NOT 
INCLUDE GLASS RUN-OUT. 

4. DIM “L” TO INSIDE OF LEADS 
{MEASURED 0.51 mm (0.020) BELOW 
BODY) 


(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L“ TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 








MAX ae MAX 
19.94 | 0.750 | 0.785 
B 7.43 | 0.240] 0.295 
Pegi 
0.53 0.021 
can 54 rn 0.100 BSC 
0.020 | 0.045 
6.008 | 0.012 
0.100 


9 | 8.89] 0.295 | 0.350 | 
Hepa 


| a_| 20.70 | 21.34 | 0.815 | 0.840 
| B | 6.10] 6.60 | 0.240 | 0.260 


1_C | 406 | 457 | 0.160 | 



























rea 





MCM6815A L/L2 
MCM6815A P/P2 


Advance Information 
: MOS 


4096-BIT DYNAMIC RANDOM ACCESS MEMORY (N-CHANNEL, SILICON-GATE) 


The MCM6815A is a 4096 x 1-bit dynamic RAM designed for use in bus- 4096-BIT DYNAMIC 
organized systems. It is fabricated withahigh-density, highly-reliable, N-chan- 
nel, silicon-gate technology. Except for the high-level Chip Enable clock, all RANDOM ACCESS 
inputs are TTL compatible. The output is three-state TTL compatible. MEMORY 

Refresh of the entire memory can be accomplished by sequentially cy- 
cling through addresses AO-A4 (32 cycles) a maximum of every 2.0 ms at 
70°C ambient temperature. For standby operation, considerable power can 
be saved by refreshing every 10 ms at 50°C ambient temperature. In addi- 
tion, widened power supply tolerances are allowed during standby. 

The MCM6815A is an ideal Random Access Memory for the M6800 
Microcomputer Family, operating well within the timing requirements of 
_the system. Memory expansion is provided for through a Chip Select input. 


®@ Organized as 4096 Words of 1 Bit 
L2,P2 L,P 
Maximum Access Time = 200 ns 300ns L SUFFIX 
Minimum Read Cycle Time = 360ns 470ns saa faa 
Minimum Write Cycle Time = 490 ns 590 ns 
Minimum Read-Modify-Write Cycle Time= 490ns 590ns 
Low Power Dissipation ~ 
335 mW Typical (Active) 
550 pW Typical (Standby with Refresh at 50°C) 
Easy Refresh — Only 32 Cycles Every 2.0 ms at 70°C or Every 10 ms 
During System Standby at 50°C 
TTL Compatible 
3-State Output 
Address Latches On Chip al RSUERIX 
Power Supply Pins on Package Corners for Layout Simplification PLASTIC PACKAGE 
Typical Applications: : CASE 708 
Main Memory Peripheral Storage 
Buffer Memory Non-Volatile Memory System 





M6800 MICROCOMPUTER FAMILY MCM6815A RANDOM ACCESS MEMORY 
BLOCK DIAGRAM BLOCK DIAGRAM 


mMcé68s00 
Microprocessor 


Read Only 
Memory 





Memory Address 
and Controi 


Address Data 
Bus Bus 





This is advance information and specifications are subject to change without notice. 
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MCM6815A (continued) 


ABSOLUTE MAXIMUM RATINGS (See Note 1) 


| Vatue | unit_ | 
Ese 


dc 
°c 
-65 to +150 


NOTE 1: This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, permanent device damage may occur if 
ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to RECOMMENDED OPERATING CONDITIONS. Exposure to higher 
than recommended voltages for extended periods of time could affect device 
reliability. : 





DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgs).- 


Parameter 


Supply Voltage 


Logic Levels 
Input High Voltage (An, Djn, R/W, CS) 


Input Low Voltage (An, Din, R/W, CS) 


Chip Enable High Voitage 
Chip Enable Low Voltage 





DC CHARACTERISTICS 


ain 
Input Current (An, Din, R/W, CS, Preset) i 
(Vin = Oto Vppt+.1.0V) - 


Input Chip Enable Current 
(Vin = Oto Vpp + 1.0 V) 


Output High Voltage VOH 2.4 
(lg = -100 nA) 
Output Low Voltage VOL Vss 
(lg = 2.0 mA) 
Output Leakage Current Lo 


(Vo = 0.45 V to Voc, CE = Vc_e_. or CS = Vip) 


Average Supply Current, Active Mode 
(Teye(w) = min) 


Supply Current, Standby Mode 
(CE = Vce_) 





EFFECTIVE CAPACITANCE (Test Circuit of Figure 1, full operating voltage and temperature range, 
periodically sampled rather than 100% tested.) 


Input Capacitance (Ap, Djn, R/W, CS, Preset) Cin(EFF 


Chip Enable Capacitance CCE(EFF) 
CoutlEFF) 
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MCM6815A (continued) 


FIGURE 1 — MEASUREMENT OF EFFECTIVE CAPACITANCE 


Calibration 
Capacitors 
Tektronix 
567 or Equiv. = 


Effective capacitance is determined by comparing the rise time 
of the voltage waveform at a particular pin to that measured with 
known values of capacitance. Scope calibration points are deter- 


mined by using the rise times obtained with the empty socket and 
standard capacitor values as references. 

The device under test (DUT) is inserted into the test socket 
and normal operating power supplies applied. At! input pins, 
except that being measured, are grounded. The effective capaci- 
tance of the desired pin can then be read directly from the scope. 


Measurement 
Input Pulse Level 


106.2 





RECOMMENDED OPERATING CONDITIONS FOR STANDBY WITH REFRESH 
(Refresh cycles only, all other parameters unchanged.) 


Parameter ; 
Supply Voltage 
[Veo {| Not Required 
| ves | 55 | 
Time Between Refresh (Ta = 50°C) | tree | - | 


AC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature unless otherwise noted.) 





OPERATING MODES 


Active (CE = High) 
Read Only 
Read/Write Valid 
Write Only Valid 
Read Refresh Valid > Floating 
Refresh Only Floating 
Chip Disable (Unselected) Floating 





X = Don’t Care 


RECOMMENDED AC OPERATING CONDITIONS (Read, Write, and Read Modify Write Cycles) 


Symbol 
Address Setup Time 
Address Hold Time 

tsB 
tCSH 













CE Pulse Transition Time ge a od 
Chip Select Delay Time | tesco | 
Chip Select Hold Time aS eee ee ey 

Pe eee 


Read Write Delay Time 
Read Write Hold Time 


Time Between Refresh 
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MCM6815A (continued) 


AC CHARACTERISTICS 
[All timing with ty = 20 ns; Load = 1 TTL Gate (MC74HO0 Series), C_ = 50 pF (effective)] 


READ CYCLE (RW = Vj, CS=V),) 








[  Charasteritie SSS Sb | Min [Max | Min | Max | Unit) 
RedoeTmwe eget | a0 | [aco os | 
Chip Enable On Time 7 ice 310 | 2000 | 200 | 7000 [vs _| 
Chip Enabie to Output Delay eco} = | 280 [| - | 100 [ns 










READ CYCLE TIMING 


| ee ee 


VcCEH 
Vop -2.0 v— — — — 


PAN 


| tRWD ——>|trwH}+— 


_" TT =—7 AIM 











Chip Select 





Vie 


2.0V——— — — —— — 4 
Data Out <«———F loating - : Floating 
08 V—— — — — — — — 





MCM6815A (continued) 


WRITE CYCLE (R/W = VjL, CS= VjL) 
REFRESH CYCLE (R/W = Vj,, CS = Vip) 


eel eee mee 
| teyciw) | 890 | — | 
Tce | #30 | 2000 
430] 
[210 _| 









Pawar ol 
Read-Write to Chip Enable Separation Time YT tae | oF Uf UC K- 
Data Hold Time | - | 


210 


' 





| Min | Mex 
[490 | - 
| 330_| 2000 | 
| 330_[ 2000 | 
[eo [ - 
a 
Pe ie oe 
| 60 | = 


WRITE AND REFRESH CYCLE TIMING _ 


Mes ee te teyc(W) 


Reis 


Ss 
/\ 
Rtas tay} > 
VCEH 


Vop-2.0 v= ——- — 






Address 















Chip Enable 


20. ies 
VCEL ; 
, aaah 


Chip Select 


—~-" THEM 








top m| . b~<——— toH — | > 


Data In 
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MCM6815A (continued) 


READ-MODIFY-WRITE (R/W = Vin-»ViL, CS = Viz) 
READ REFRESH (See Note 1) 










[min [Max [win [Max | 
Ee ee oe eee 









Characteristic 
Chip Enable On Time 

Read-Write Release Time 
Write Pulse Width 
Data Setup Time 
“Data Hoid Time 
Read-Write to Chip Enable Separation Time 




















































Chip Enable to Output Delay 





Read Access Time 





Note 1: A read refresh cycle is possible by bringing CS high after output data 
is valid and then bringing R/W low to the write position. 


READ MODIFY WRITE TIMING 
























Teyc(R/W) 
Vi 
2.6 V—- — 
Address Stable Address 
Vit £\ 
tas }+——*AH —>|tT tthe 
VCEH ee acre 
Vga Vissi 
Chip Enable 
2.0 V-— tea 
VCEL tesp : 
RC 
Vik 


_— WW AWS 


~ WO om HW 


VOoH ee es ee 


; ——— —_ _ ate 
Data Out ~<«—F loating Valid Floating ————__—_» 
DON eee — 
3 VoL _—_— —oo Oo SSS SS SS SS — = 
fees oa ; 
\ 
\ — Don't Care 









2.6V 


Din Stable 
12V 
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MCM6815A (continued) 


TYPICAL CHARACTERISTICS CURVES 


FIGURE 2 — ACCESS TIME versus Vpp 








0 9.0 10 YW 12 13 14 15 16 17 18 
Vpop, SUPPLY VOLTAGE (VOLTS) 


FIGURE 4 — Ipp SUPPLY CURRENT versus Vpp 












az 

. 

x 

a 

\ 
ape 














NORMALIZED !pp SUPPLY CURRENT 


if 

id 

\ 
HH 


“7 60 0 a a eS 
Vpp, SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 — Ipp SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 


eS see 
> ~~ wo © 


RRR BS ReaD, 
(AP GRERR ERS 
eda Teale 
(Se eSSR REE 
TERE Rae aa 
(SG BERR eee 


NORMALIZED Ipp, SUPPLY CURRENT 
cso 
~ 





ERRATA 
fel cle) epee) 
cee eRee rae 


Ta, AMBIENT TEMPERATURE (°C) 


NORMALIZED Ipp SUPPLY CURRENT 


FIGURE 3 — ACCESS TIME versus AMBIENT TEMPERATURE 











= ~ 

















NORMALIZED ACCESS TIME 














-10 0 10 20 30 40 50 60 70 80 90 
Ta, AMBIENT TEMPERATURE 


FIGURE 5 — Ipp SUPPLY CURRENT versus CYCLE TIME 











































































































teyc, CYCLE TIME (us) 


FIGURE 7 — REFRESH TIME versus AMBIENT TEMPERATURE 


i tT 1 





1000 <7 | T 



































tREF, TIME BETWEEN REFRESH (ns) 
S 














-10 6 10 20 30°C: 40 50 60 70 80 90 
Ta, AMBIENT TEMPERATURE (°C) 


MCM6815A (continued) 


ipo. SUPPLY CURRENT (mA} 


igg, SUPPLY CURRENT (mA) 





TYPICAL SUPPLY CURRENT TRANSIENT WAVEFORMS 


FIGURE 8 — CHIP ENABLE VOLTAGE 





“0 100 200 300 400 500 
t, TIME (ns) 


FIGURE 9 — ipp SUPPLY CURRENT FIGURE 10 — icc SUPPLY CURRENT 


NR 
o 









i=] 
i=) 





co 
oO 








i-2] 
ao 





> 
oO 





y 
o 











icc, SUPPLY CURRENT (mA) 
So. 



































0 100 200 300 400 500 405 100 200 300 400 500 
t, TIME (ns) t, TIME (ns) 
FIGURE 11 — igg SUPPLY CURRENT FIGURE 12 — ice SUPPLY CURRENT 












= 20 
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MCM6815A (continued) 


BLOCK DIAGRAM 


A10A9A8 A7AE6 AS 


Chip 20 1918 
Enable © 1 9 9 

2 

Read/Write 14 3 










Bit Sense Lines 








Al 210 
Column Decode 


A3 20 





Preset 


Chip 


— 80 
Select 


FUNCTIONAL DESCRIPTION 


The MCM6815A 4096-bit dynamic RAM uses a three 
transistor storage cell in an inverting cel! configuration. 
The single high-level clock (Chip Enable) starts an internal 
three-phase clock generator which controls the read and 
write functions of the device. The $1 signal, which is high 
when CE is low (standby mode), preconditions the nodes 
in the dynamic RAM in preparation for a memory cycle. 
The $2 signal, which comes on as CE goes high, is the read 
control and transfers data from storage onto bit sense 
lines. The @3 signal, which comes after $2 only during a 
write or refresh cycle, transfers data from the bit sense 
lines back into storage. The $3 signal occurs only if the 
R/W input is low. 

To perform a read cycle, CE is brought high to 
initiate a 2 signal and latch the input addresses. The 
‘column decoders select one column in each of the four 
storage quadrants (see the block diagram) and transfers 
data from storage onto the 128 bit sense lines. The row 


Data In 4 Oo te. 63 me 
: O 


AOA2A4 
1716 15 1310 9 
9 9 oO Oo o 9 


Bit Sense Lines 


Bit Sense Lines 


© 7 Data Out 


bs cE Vip = Pin 22 
Ait Vgg = Pin 12 
Vep= Pint 
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Voc * Pin 11 


decoder selects one of these 128 bit sense lines for read 
and write operations. During the @2 signal, the data on 
this selected bit sense line is Exclusive ORed with the state 
of the appropriate data control cell to supply the correct 
output data. After this data is received by the external 
system, CE may be brought low to the standby position. 
This assumes that the R/W signal is held high to prevent 
an internal 63 being generated. 

To perform a write or refresh operation, CE is brought 
high and everything is idenjical to a read operation up 
until the 128 bit sense lines are charged with the selected 
columns of stored data. When R/W is brought low (if it is 
not already there), a $3 signal is generated after $2 is over. 
The $3 signal takes the data from the 128 bit sense lines 
and returns it to the 128 storage locations it came from. 
Because of the design of the memory array, this 2-43, 
read-write operation inverts the data. Therefore, one extra 
row of memory cells, called data control cells, is used to 
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keep track of the polarity of stored data in order to be 
able to correctly recover it. During the write operation, 
the input data is Exclusive ORed with these control cells 
before being stored in the array. A refresh cycle does not 
modify any of the bit sense lines, but simply returns the 
data (now inverted) into storage. 

All timing signals for the MCM6815A are specified 
around these operations. The following is a brief descrip- 
tion of the input pins and relevant timing requirements. 
Chip Enable — CE is a single high level clock which ini- 
tiates all memory cycles. CE can remain low as long as 
desired for specific applications as long as the 2.0 ms re- 
fresh requirements are met. 


Chip Select — This signal controls only the I/O buffers. 
When CS is high, the input is disconnected and the output 
is in the 3-state high-impedance state. A refresh cycle is, 
therefore, a write cycle with CS high. CS has no critical 
timing with respect to any other signal except that there 
is a finite delay between activation and data out. 


Read/Write — When high, R/W inhibits the internal $3 
signal, thereby keeping the memory from writing. When 
R/W is low, a $3 will occur soon after #2 is finished. For a 
read cycle, R/W should be high within trywp of CE to 
insure that a 3 does not start. The only timing require- 
ment on the R/W input for writing is a minimum write 
pulse defined as the overlap of CS, CE, and R/W. Refresh 
cycles require that CS be high to inhibit the input buffer 
before a $3 occurs. Thus CS should be high within tcsp 
for a refresh cycle, or before R/W goes low for a read- 
refresh cycle. 


Data In — The input data must be valid for a sufficient 
time to override the data stored on the selected bit sense 
line. It must remain valid for the “write pulse’ defined 
under Read/Write. Signals on the Dj, pin are .ignored 
when either CS or R/W is high, or CE is low. 


Data Out — Output data is inverted from input data and is 
valid tage after CE goes high. The data will remain valid 
as long as CE is high and CS remains low. With either CE 
iow or CS high, the output is in a high-impedance state. 
The data output is initially precharged high when CE goes 
high and is then either discharged to ground or left high 
depending on the stored data. This precharging followed 
by valid data occurs regardless of the state of the R/W 
input, making the write cycle actually a read-write cycle. 
The output will also try to precharge during a refresh cycle 
. but will be kept at high impedance by the CS being high. 
If CS is originally low and is’ then brought high (within 
the tcSp specification) the output may start to precharge 
before being cut off and returned to high impedance. 


e 
Addresses — The addresses are latched when CE goes high, 
and may be removed after an appropriate hold time. 


Vss — Circuit ground. 


VBB — The reverse bias substrate supply. Forward biasing 
this supply with respect to Vsg will destroy the memory 
device. 


Vob — Positive supply voltage. 
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Vcc — Output buffer supply. This supply goes only to 
the data output buffer and draws current only when 
driving an output load high. 


Preset — This pin should be tied to ground. During device 
testing Preset can be used to preset the data control cells 
to a logic zero. One 200 ns, 12 V pulse will set all 32 cells 
simultaneously. Preset has no system use; its only purpose 
is to ensure a good logic level in the control cells after 
first power up. In system use, this good logic level will 
come naturally after the first few refresh cycles. 


APPLICATIONS INFORMATION 


Power Supplies 

The MCM6815A is a dynamic RAM which has essentially 
zero. power drain when in the standby (CE low) mode. 
When operating, the Vpp supply may experience transients 
in the order of 100 mA for a short time (Figure 9). The 
Vpep supply, which has very low de drain while operating, 
may see transients of about 40 mA during the edges of CE. 
Therefore, appropriate bypassing of both supplies is recom- 
mended. This bypassing has been simplified by the location 
of the power supply pins on the corners of the package. 

The Vcc line supplies only the input leakage of a 
TTL load on Data Out and should never exceed about 
100 wA, presenting little bypassing requirement. 

Power dissipation for a system of N chips is much 
lower than N times the 335 mW typical dissipation for a 
full speed operating chip. This is because the unselected 
rows in a memory array card are operating in the standby 
mode of near zero dissipation. This zero standby power is 
actually unachievable because of the requirements for 
refresh. Therefore, power dissipation for an array of 
N X M chips operating at t7 cycle time, tREF refresh 
increment, and maximum CE down time between cycles is: 


490 ns 


) 336 mW + (N-1) inn( Las 


tREF Us 


For a 550-ns-cycle-time, 64 k by 16 system (16 by 16 
chip array) with refresh at 2.0 ms, the approximate power 
dissipation is: 








Pp=m( ) s35mw 


tz ns 


~ 1¢ (490 ee) 
PD 16 (#20 ) 335 + (15) (16) ( = ) 336 


= 4775 mW + 630 mW = 5.4 W 


Asimilar one megabyte system, eight bytes wide, would 
have a dissipation of only 24 W. If the low standby 
power capability were not used, over 600 W would 
be dissipated. 


Refresh 

The MCM6815A is refreshed by performing a refresh (or 
write) cycle on each of the 32 combinations of the least 
significant address bits (AQ-A4) within a 2.0 ms time 
period. (A5-A11 must remain constant at proper logic 
levels.) This refresh can be done in a burst mode (32 cycles . 
starting every 2.0 ms) or ina distributed mode where one 
cycle .is done every 62.5 us. 


MCM6815A (continued) 


A refresh abort can be accomplished by treating a 
refresh cycle as a read-modify-write cycle with CS high. 
This type of cycle can be aborted any time until the R/W 
signal has been brought low to allow a $3 clock ‘to begin. 


Non-Volatile Storage 


In many digital systems, it is extremely important to 
retain data during emergencies such as power failure. 
Unfortunately, however, most random access read/write 
semiconductor memories such as the MCM6815A are 
volatile. That is, if power is removed from the semicon- 
ductor memory, stored information is jost. Therefore, 
non-volatility fora specified period of time becomes highly 
desirable — as a necessity to maintain irreplaceable infor- 
mation or as a convenience to avoid the time consuming 
and troublesome task of having to reload the memory. 

The extremely low standby power dissipation of the 
MCM6815A makes it ideal for main memory applications 
requiring battery backup for non-volatility. For example, 
the MCM6815A can be employed in an 8K byte non- 
volatile main memory system application for micropro- 
cessors. The memory system can be partitioned into three 
major sections as illustrated in Figure 13. The first section 
contains the address buffers and the Read/Write and Chip 
Select decoding logic. The second section consists of the 


data bus buffering transceivers and the memory array 
(which consists of 16 MCM6815As) organized into two 
rows of 4K bytes each. 

The third section of the block diagram comprises 
refresh and control logic for the memory system. This 
logic interfaces the timing of the refresh handshaking with 
the microprocessor (MPU) clock circuitry. It handles 
requests for refresh, the generation of refresh addresses, 
the synchronization of a Power Fail signal, the multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and the generation of a -5 V supply 
on the board using a charge-pump method. 

The refresh control logic is illustrated in Figure 14. It 
handles the refreshing of the memory during both operating 
and standby modes. The timing for this logic is given in 
Figure 15. Figure 16 gives the memory timing for the 
standby mode only. Decoding of the memory clock (CEa 
and CEp) and the circuitry to synchronize the Power Fail 
signal are shown in Figure 17, with the timing given in 
Figure 18. , 

The memory device clock (CEa and CEg) during stand- 
by is created-by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed with the . 
Memory Clock by use of the three-state feature of the 


FIGURE 13 — NON-VOLATILE MEMORY SYSTEM BLOCK DIAGRAM 







































| Address Buffers and Decoding Logic | Refresh and Power Fail Logic | 
l | 
1 BAO cmos AO | 
| Multiplex | 1 
| Buffer A4 | | 
; | Refresh Addresses | 
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Address Refresh Addresses [ Power Fail | 
Buffers 
| AS | | 
| Refresh | 
l All | 2M0e Request r 
| 1 Refresh/Power Fail 
| CS a Logic Refresh | 
| BA15 = | Grant | 
cs 
6 To i | 
| Memory 
[Rw Array | CEa CEg ; 
| | 
VMA | 1 
| 
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! 
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MCM6815A (continued) 


MC14503. The Memory Clock (used during normal opera- 
tion) is translated to 12 V levels by use of an MC3460 
Clock Driver. Decoding of the CEg and CEg signals {i.e., 
clocking only the memory bank addressed) to conserve 
power is accomplished by the logic within the MC3460. 
Since the Power Fail signa! will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
MC 14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 ps monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500. ns monostable which creates the CE pulse during 
standby opération. The 3 us pretrigger signal is used to 
set half of the MC14027 flip-flop, the output of which, 
®). then inhibits a changeover from the standby to the 
operating modes (or vice versa). This logic prevents 
the system from aborting a refresh cycle should the Power 








Fail signal change states just prior to or during a refresh 
cycle. The trailing edge. of the 500 ns monostable clears 
the MC14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is syn- 
chronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system into 
the refresh mode and multiplex in the internal clock for 
standby operation when Bat = ‘1. The voltage to logic 
not required for the refresh only mode of operation is 
removed to conserve power. 

By using CMOS for the refresh logic and capacitance 
drivers, and a low current refresh oscillator, the standby 
current required for the 8K byte system is extremely 
small, as noted in Table 1. This low standby current 
requirement can be easily supplied for several days with 
standard type +12 V batteries. For more detailed informa- 
tion on this sytem and a large mainframe memory system, 
see Application Notes AN-732 and AN-740. 


FIGURE 14 — REFRESH CONTROL LOGIC . 
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MCM6815A (continued) 


FIGURE 16 — MEMORY TIMING IN STANDBY MODE 


Refresh Clock 


A= First 4K Byte NM 


B = Second 4K Byte Refresh Address Counter Incremented 


CEg,CEg 


CS,, CSg 1" 


R/Wa,. R/We "0" 





FIGURE 17 — POWER FAIL LOGIC AND CHIP ENABLE DRIVER 
MC14503 
T1 T2 T1 T2 
Q mo Qa 


Refresh Clock 1/2-MC 14528 1/2 MC14528 
CO 3 ys 500 ns 


1/4- 
MC14001 


Memory Clock ie 
1/6-MC7407 


1/4-MC3302 


Power Fall 


Memory Clock 
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MCM6815A (continued) 


FIGURE 18 — POWER UP/DOWN SYNCHRONIZATION 


1.0us 2.0us 3.0us 4.0us 


Refresh Clock 
(64 us Period) —/ 


3 us Monostable = Sf a? ee oe 
(Refresh Pretrigger) 
500 ns Monostable om 


CE, or CEg : 
(Standby) Be a ee 
Clock Input @ \ / 
Inhibit / aN 


No Power Fail signal changes wil! be 
recognized during this time. i 


TABLE 1 — STANDBY MODE CURRENT ALLOCATION 


Circuit Section Typical Current 


+12 V Current (Vpp) for 16 MCM6815A‘s 





PIN ASSIGNMENT 






Charge Pump 






22 Vop 
21A1 

Preset® 20 A10 

Data In 19 AQ 


Vee 1 
2 
3 
4 

Atl 5 18 A8& 
6 
7 
8 


A3 






Comparator 






Capacitance Drivers 


Total 





Chip Enable 17 A? 
Data Out 16 AG 
Chip Select 16 AS 
A4 9 14 Read/Write 
A210 13 AO 
Veo? 12 Vgg 


Circuit diagrams utilizing Motorola products are included as a means 
of illustrating typical semiconductor applications; consequently, 
complete information sufficient for: construction purposes is not 
necessarily given. The information has been carefutly checked and 
is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 


fs : ‘ nes ; 
license under the patent rights of Motorola Inc. or others. See Applications Information 





PACKAGE DIMENSIONS 











SEATING PLANE 
i= D SEATING 


PLANE 


awl Gg be 





NOTES: 
eT 1. LEADS WITHIN 0.13 mm (0.005) 
| 1.0 RADIUS OF TRUE POSITION AT 
68 | 0.085 | 0.145 MAXIMUM MATERIAL CONDITION. 
0.017 | 0.023 | 2. DIMENSION “L” TO CENTER OF 
{0.040 REF LEADS WHEN FORMED PARALLEL. 
0.100 BSC 
0.030 | 0.070 
0.30 | 0.008 | 0.012 
4.45 | 0.125 | 0.175 


10.67 | 0.380 | 0.420 : : k ; 
72 - CERAMIC PACKAGE . ki . PLASTIC PACKAGE 
1 a 0.025 | 0.05 CASE 677-03 - CASE 708-01 
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MCM6830AL 


| Advance Information | 
MOS 


1024 X 8-BIT READ ONLY MEMORY INGHANNEL SILICON-GATE) 


The MCM6830A is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel silicon-gate technology. For ease of use, the device 
operates from a single power supply, has compatibility with 
TTL and DTL, and needs no clocks or refreshing because of static 
Operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 


Organized as 1024 Bytes of 8 Bits 
Static Operation 

Three-State Data Output 

Four Chip Select Inputs (Programmable) 
Single 5 Volt Power Supply 

TTL Compatible 


Maximum Access Time = 500 ns 


1024 X 8-BIT 
READ ONLY MEMORY 


CERAMIC PACKAGE 
CASE 684 


PIN ASSIGNMENT 





ABSOLUTE MAXIMUM RATINGS (See Note 1) 


ee 
fSwonvvorwe Cee | 8070 | vee 







Voc: 
: Vin 


NOTE 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voitages for extended 
periods of time could affect device reliability. 





_MC6800 M6800 MICROCOMPUTER FAMILY MCM6830A READ ONLY MEMORY 
Microprocessor BLOCK DIAGRAM BLOCK DIAGRAM 


Data Bus 
Random 
Access 
Memory 





Address Data 2 Memory Address 
Bus Bus and Control 





This is advance information and specifications are subject to change without notice. 
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MCM6830A (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS 


Input High Voltage 
input Low Voltage 





DC CHARACTERISTICS 


Input Current 
(Vin = Oto 5.25 Vy 
Output High Voltage i 

(lon = —205uA) 
Output Low Voltage ee 


(lo, = 1.6 mA) 


Output Leakage Current (Three-State) 
(CS = 0.8 V or CS = 2.0 V, Vout = 0.4 V to 2.4 V) 





CAPACITANCE (f = 1.0 MHz, T, = 25°C, periodically sampled 
rather than 100% tested.) This device contains circuitry to protect the 


inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid application 

Input Capacitance | cin | sr 






of any voltage higher than maximum rated volt- 
ages to this high-impedance circuit. 






BLOCK DIAGRAM 


Memory 3-State 
Address Matrix Buffer 


Decode (1024x 8) |___ a! 


OMNIA AAWH 


cso* 
csi* 
cs2°* 
cs3° 


Vec = Pin 12 


* Active level defined by the customer. : Gnd = Pin 1 
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MCM6830A (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted.) 
(All timing with t, = ty = 20 ns, Load of Figure 1) 


Characteristic 





FIGURE 1 — AC TEST LOAD 


R,_ =2.5k 


Test Point MMD6150 
or Equiv 


130 pF* 
MMD7000 


or Equiv 


*includes Jig Capacitance 





TIMING DIAGRAM : 
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MCM6830A (continued) 


CUSTOM PROGRAMMING 


By the programming of 2 single photomask for the FIGURE 2 — BINARY TO HEXADECIMAL CONVERSION 


MCM6830A, the customer may specify the content of the Binary Hexadecimal! 
Data . Character 


memory and the method of enabling the outputs. 








Information on the general options of the MCM6830A 
should be submitted on an Organizational Data form such 
as that shown in Figure 3. 


Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference): 


1. Paper tape output of the Motorola M6800 Software. 
2. Hexadecimal coding using 1BM Punch Cards. 


parses 32-0 00 O-F Bg a sa ooaond 


epee esa srnQgoad0dco0000 
™MOODPOAVHFHAUGAWNHN=AD 


-=00--0024-0 022300 
-or0= 032020 =2020+0 





PAPER TAPE 

Included in the software packages developed for the IBM PUNCH CARDS 
M6800 Microcomputer Family is the ability to produce a The hexadecimal equivalent (from Figure 2) may be 
paper tape output for computerized mask generation. The placed on 80 column IBM punch cards as follows: 
procedure for generating and verifying a system is shown Step Column 
in Figure 4. The assembler directives are used to control 1 12 Byte “0” Hexadecimal equivalent for 
allocation of memory, to assign values for stored data, outputs D7 thru D4 (D7 = M.S.B.) 


and for controlling the assembly process. The paper tape 


; 2 13 Byte ‘’0’’ Hexadecimal equivalent for 
must specify the full 1024 bytes. 
ree ‘ outputs D3 thru DO (D3 = M.S.B.) 
3 14-75 Alternate steps 1 and 2 for consecutive 
Note: Motorola can accept magnetic tape and truth table. bytes. 
table formats. For further information, contact your 4 77-78 Card number (starting 01) 
local Motorola sales representative. 5 79-80 Total number of cards (32) 


PACKAGE DIMENSIONS 





NOTES: MILLIMETERS INCHES 
1. LEADS WITHIN 0.13 mm MIN | MAX MIN | MAX 


(0.005) RADIUS OF TRUE 
POSITION AT SEATING A__| 29.34 | 30.86 | 1.155] 1.215 
PLANE WITH MAXIMUM B_ 12.70 | 14.22 | 0.500 | 0.560 
MATERIAL CONDITION. c oar 3.94 | 0.120 | 0.155 














. LEAD NO.1CUT FOR 0.38 | 0.51 | 0.015 | 0.020 
IDENTIFICATION, OR 0.89 | 1.40 | 0.035 | 0.055 
BUMP ON TOP. 2.54 BSC 0.100 BSC 


DIM "L".TO INSIDE - 
: 0.89 | 1.40] 0.035 | 0.055 
OF LEADS. (MEASURED 0.201 0.301 0.0081 0.012 


0.51 mm (0.020) BELOW 
2.92 | 3.68 | 0.115 | 0.145 
PKG BASE 4 45 | 
a 14.86 | 15.87 | 0.585 { 0.625 
= [15° | - J 150 
051] 1.14] 0.020 [ 0.045 





mali—} 















































2/SIH | RIK TIO 











[- . . 
N CASE 684-04 
a ul r 


SEATING PLANE 
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MCM6830A (continued) 


FIGURE 3— FORMAT FOR PROGRAMMING GENERAL OPTIONS 


ORGANIZATIONAL DATA 
MCM6830A MOS READ ONLY MEMORY 


Customer: Motorola Use Only: 
Gompany. aa Quote: 


Part: NOs- «2 Se a es Part No.: 


Originator —— Specif. No.: 


Phone No. 


Enable Options: 


Input Logic Levels: 


1 is most positive 
O is most negative 
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MCM6830A (continued) 


FIGURE 4 — SYSTEM DESIGN AND VERIFICATION PROCEDURE 
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Edit Using Time 
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Assembly 
Listing 





Assembled 
File 











Simulate Using 
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Computer 
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Listing 





Good 
Simulation 
Run 
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Does 
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MCM68317L 


Product Preview 


16,384-BIT READ ONLY MEMORY 


MOS 


(N-CHANNEL) 


2048 X 8-BIT STATIC 


The MCM68317 is a 16,384-bit high-speed Read Only Memory READ ONLY MEMORY 
designed for high-performance, low-cost applications. Organized as 
2048 eight-bit bytes, the device optimizes speed, power, and density 
trade-offs. 

For ease of use, the memory operates from a single +5 volt power 
supply. No clocks or refreshing are required because of static opera- 
tion. All inputs are TTL compatible, and the outputs are three-state 
TTL compatible. / 

The MCM68317 is a logical extension of the MCM68708, an 
8192-bit AROM. An additional address, A10, replaces the Vpp 
power supply at pin 19, and CS2 replaces the Program input at 
pin 18. Vgp is removed, leaving pin 21 with no connection. 





CERAMIC PACKAGE 
CASE 684 


Organized as 2048 Bytes of 8-Bits 
PIN ASSIGNMENT 


Static Operation 
Single +5 Volt Power Supply 
Access Time = 500 ns 


Low Power Dissipation pe 
csi/CS1 


Two Chip Select Inputs Available for Memory Expansion A10 


TTL Compatible cCS2/CS2 


Three-State Outputs 


Logical Extension of the MCM68708 AROM 


_MC6800 M6800 MICROCOMPUTER FAMILY MCM68317 READ ONLY MEMORY 
Microprocessor BLOCK DIAGRAM BLOCK DIAGRAM 


Random 
Access 
Memory 


Interface 
Adapter 


Interface 
Adapter 


eo“ 














Address Data Memory Address 
Bus Bus and Control 





This is advance information and specifications are subject to change without notice. 
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MCM68317 (continued) 


BLOCK DIAGRAM 


cs1/CS1 
Control 


Logic Output Buffers 


Y Decode 


CS2/CS2 


x Memory 
Decode Matrix 
(128 x 128) 
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Advance Information 
MOS 


(N-CHANNEL, LOW THRESHOLD) 


2048 x 8-BIT READ ONLY MEMORY 
2048 x 8-BIT 


READ ONLY MEMORY 


The MCM6832 is a mask-programmable byte-organized memory 
designed for use in bus-organized systems. It is fabricated with 
N-channel metai-gate technology. For ease of use, the device is 
compatible with TTL and DTL, and needs no clocks or refreshing 
because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing read only storage in byte increments. Memory 





expansion is orovided through a Chip Select input. The active level of 
the Chip Select input and the memory content are defined by 
the customer. 


Organized as 2048 Bytes of 8 Bits 
Static Operation 

Three-State Data Output 
Programmable Chip Select 


TTL Compatible 
Maximum Access Time = 550 ns 


CERAMIC PACKAGE’ 
CASE 684 


PIN ASSIGNMENT 









ABSOLUTE MAXIMUM RATINGS] (Referenced to Vss) 


Symbol 
Supply Voltages -0.3 to +15 
-0.3 to +6.0 
-10 to +0.3 


Address/Control Input Voltage ; -0.3 to +15 
“Operating Temperature Range 
Storage Temperature Range -55 to +125 


Note 1: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex- 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT- 
ING CONDITIONS. Exposure to higher than recommended voltages for extended 
periods of time couid affect device reliability. 


a MC6800 M6800 MICROCOMPUTER FAMILY MCM6832 READ ONLY MEMORY 
icroprocessor BLOCK DIAGRAM BLOCK DIAGRAM 


























Address Data : Memory Address 
Bus Bus - : and Control 





This is advance information and specifications are subject to change without notice. 
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MCM6832 (continued) 


DC OPERATING CONDITIONS AND CHARACTERISTICS 


(Full operating voltage and temperature range unless otherwise noted.) 


RECOMMENDED DC OPERATING CONDITIONS (Referenced to Vgg = Ground) 


Supply Voltage 


Input High Voltage (A,, CS) 
Input Low Voltage (A, CS) 





DC CHARACTERISTICS 


Characteristic 


Input Leakage Current (A,, CS) 
(Vin = 0 to 5.25 V) 
Output Leakage Current (Three-State) 
(V9 =0.4V to -2.4V,CS=0.4 VorCS=2.4V) 


Output High Voitage 
(loH = -100 zA) 

Output Low Voltage 
(lo_ = 1.6 mA) 

Supply Current 


(Chip Deselected or Selected) 





'BB 


CAPACITANCE (periodically samples Rather Than 100% Tested.) 








BLOCK DIAGRAM 


A7 A8 
20 21 
0 o 


Output 
Buffers 


Vop = Pin 23 Selet 
O 


Vss = Pin 12 


Veep = Pini 
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MCM6832 (continued) 


AC CHARACTERISTICS 
(Full operating voltage and temperature unless otherwise noted. All timing with ty = ts < 20 ns; 
Load = 1 TTL Gate (MC7400 Series) biased to draw 1.6 mA; CL = 130 pF.) 


Output Deselect Time 





*Typical values measured at 25°C and nominal supply voitages. 


FIGURE 1 — AC TEST LOAD 
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FIGURE 2 — TIMING DIAGRAM 
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MCM6832 (continued) 


CUSTOM PROGRAMMING 


By the programming of .a single photomask for the 
MCM6832, the customer may specify the content of the 
memory and the method of enabling the outputs. 


Information on the general options of the MCM6832 
should be submitted on an Organizational Data form such 
as that shown in Figure 4. 


Information for custom memory content may be sent 
to Motorola in one of two forms (shown in order of 
preference): 


1. Paper tape output of the Motorola M6800 Software. 
2. Hexadecimal coding using IBM Punch Cards. 


PAPER TAPE 

Included in the software packages developed for the 
M6800 Microcomputer Family is the ability to produce a 
paper tape output for computerized mask generation. The 
procedure for generating and verifying a system is shown 


FIGURE 3 — BINARY TO HEXADECIMAL 
CONVERSION 





~seonmonannQqgQoa0cddnd 


Hexadecimal 
Character 
0 L¢) 0 ie) c¢) 
ce) ie) ie) 1 1 
(0) 1 0 2 
(0) 1 1 3 
1 (0) a} 4 
1 is) 1 5 
1 1 is) 6 
1 1 1 7 
0 0 0 8 0= VOL 
i?) c¢) 1 9 = 
fe) 1 0 A ai vOH 
a} 1 1 B 
1 () 0 c 
1 (a) 1 D 
1 1 0 E 
1 1 1 F 


IBM PUNCH CARDS 


The hexadecimal equivalent (from Figure 3} may be 
placed on 80 column {BM punch cards as follows: 


Step Column 


a Figure ps assembler ae are to ce 1 12 Byte ‘0’ Hexadecimal equivalent for 
allocation o MEMOrY, to assign values for store ata, outputs D7 thru D4 (D7 = MS.B.) 
and for controlling the assembly process. The paper tape 


must specify the full 2048 bytes. 2 13 Byte ‘’0’’ Hexadecimal equivalent for 
outputs D3 thru DO (D3 = M.S.B.) 
3 14-75 Alternate steps 1 and 2 for consecutive 
Note: Motorola can accept magnetic tape and truth table bytes. 
table formats. For further information, contact your 4 77-78 Card number (starting 01) 
local Motorola sales representative. 5 79-80 Total number of cards (64) 


PACKAGE DIMENSIONS 


es ere wiincgys MILLIMETERS INCHES 
: 13mm DIM{ MIN | MAX [ MIN | MAX 
(0.005) RADIUS OF TRUE hha a meal 


POSITION AT SEATING A_| 29.34 : 1.155 | 1.215 
PLANE WITH MAXIMUM 12.70 | 14.22 | 0.500 | 0.560 
MATERIAL CONDITION. | Cc | 

2. LEAD NO. 1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 

3. DIM "L" TO INSIDE 
OF LEADS. (MEASURED 
Ore mee BELOW 68 10.115 | 0.145 


0.585 | 0.625 
= 15° 
0.020} 0.045 
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MCM6832 (continued) 


FIGURE 4 — FORMAT FOR PROGRAMMING GENERAL OPTIONS 


ORGANIZATIONAL DATA 
MCM6832 MOS READ ONLY MEMORY 


Customer: Motorola Use Only: 
670): \ Quote: 
PartNo. Part No.:. 


Originator Specif. No.: 





Phone No. 


True Chip Select Options: 


I 1[] 
no lof ] 


1 is most positive input 
Q is most negative input 
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MCM6832 (continued) 


FIGURE 5 — SYSTEM DESIGN AND VERIFICATION PROCEDURE 
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Product Preview 


1024 X 8-BIT READ ONLY MEMORY 


The MCM68708 is an 8192-bit Alterable Read Only Memory 
designed for system debug usage and similar applications requiring 
non-volatile memory that must be reprogrammed periodically. The 
transparent lid on the package allows. the. memory content to be 
erased with ultraviolet light. The memory can then be electrically 
reprogrammed. 


Organized as 1024 Bytes of 8-Bits 

Static Operation 

Standard Power Supplies of +12 V, +5 V, and -5 V. 
Access Time = 500 ns 

Low Power Dissipation 

Chip Select Input for Memory Expansion 

TTL Compatible 

Three-State Outputs 

Compatible with the 2708 


_Mc6800 M6800 MICROCOMPUTER FAMILY 
Microprocessor BLOCK DIAGRAM 


Access 
Memory 


Interface 
Adapter 
interface 
Adapter 


This is advance information and specifications are subject to change without notice. 


Address Data 
Bus Bus 
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MCM68708L 


MOS 


(NCHANNEL, SILICON-GATE) 


1024 X 8-BIT ALTERABLE 
READ ONLY MEMORY 





MCM68708 READ ONLY MEMORY 
BLOCK DIAGRAM 
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and Control 





MCM68708 (continued) 


BLOCK DIAGRAM 
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Program Control 
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INTRODUCTION 


Today's highly developed NMOS technology has produced a wide variety of NMOS 
memory products that can be utilized in a multitude of digital processing applications. 
Since the variety of these applications is‘so broad, it is impractical to cover all of them. 
However, the application notes in this section do discuss some of the most common stor- 
age applications, . . 

For reference purposes, all the available Motorola application notes and their abstracts 
are tabulated in the Application Information section of the Motorola Semiconductor 
Data Library Master Index. A copy of the current Application Note Catalog may be ob- 
tained by sending your request to: 


Technical Information Center 

Motorola Semiconductor Products Inc. . 
P.O. Box 20912 

Phoenix, Arizona 85036 
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A CRT DISPLAY SYSTEM 
USING NMOS MEMORIES 
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The emerging NMOS semiconductor technology offers 
electronic equipment manufacturers improved circuit per- 
formance and density. Development of the NMOS process 
brings a new era of high-density memory technology, and 
it shows great promise for replacing core and other type 
memories. For CRT‘ display manufacturers, however, 
NMOS ‘technology is here today with the introduction of 
the MCM6571 8K Character Generator and the MC6545 
quad 80-bit Shift Register. This paper descubes: a CRT 
display system using these devices. 
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BASIC CRT OPERATION 

The basic elements of a display system is the CRT and 
the circuitry necessary to deflect and modulate the 
electron beam. The system must be capable of generating 
graphics and/or alphanumeric characters. The operation of 
most video display systems is similar to a TV set. The elec- 
tron gun shoots a beam of electrons toward a-screen coat- 
ed with a ‘light emitting phosphor. Wherever the beam 
strikes, a dot of light is emitted. The beam is deflected 
vertically and horizontally by either electrostatic or elec- 





tromagnetic fields. The Z-axis grid can switch the electron 
beam on and off. By modulating the beam with the Z-axis 
grid, dots and line segments can be formed on the-screen. 

Due to the fact that the screen phosphor can hold the 
image for only a short time, the image must be constantly 
refreshed. The refresh rate is usually between 30 and 60 
Hz. Because of the Z-axis modulation and the refresh 
requirement, two types of components are especially 
important to an alphanumeric CRT display: a character 
generator for modulating the Z-axis to form the character, 
and a storage device to retain the information to be 
refreshed on the screen. 


CHARACTER FORMATION 


The most popular type of character formation being 
used today is the dot matrix method. Figure 1(a) shows 
the dot matrix which must be generated at every character 
location to form the image. Any size dot matrix is 
possible, but 5x7 and 7x9 are the most popular 
configurations with the 7 x 9 offering clearer definition. 
Any character can be formed within the matrix by 
illuminating the proper dots (see Figure 1(b)): 
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FIGURE 1 
Systems using the dot matrix formation will usually 
generate a raster on the screen of the CRT. If a horizontal 
AC field is applied to the electron beam, it traces and 
retraces a line across the screen.. If, at the same time, a 


vertical AC field of a lower frequency is applied and if the | 


beam is shut off during retrace, many lines are generated, 
and a horizontal raster scan is formed (see Figure 2). 
Interchanging the frequencies generates a vertical scan. 
Dot matrices can be formed and separated at every 


character location by blanking the electronic beam in_ 


between matrices. The character location map shown in 
Figure 9 demonstrates this formation. The numbers indi- 
cating column and line location are explained later. As 


ie 


Horizontal Scan 


(a) 


Vertical Scan. 


(b) 





FIGURE 2 


mentioned before, a character can be formed in each 
matrix by illuminating the proper dots. , 

The device that determines which dots are to be 
illuminated is called a character generator. Actually, itisa . 
read-only memory containing” a dot matrix  pre- 
programmed for each character. Because of pin limita- 
tions, the entire dot matrix usually cannot be read out at. 
one time. Instead, characters are read out a row or a 
column at a time. A row character generator would most 
efficiently be used with a horizontal scan and a column 
character generator, with a vertical scan display. 


8K-BIT CHARACT ER GENERATOR 


NMOS technology has produced a new character 
generator with greater storage capability than the older 
PMOS devices. The MCM6570 is an 8192 bit, row 
character generator that can be mask programmed with 
any desired set of 128 characters. This device can bé 


programmed in Japanese, Hebrew, or any special type of 


character or symbol format. It generates each character in 
a 7x9 matrix, and it is capable of automatically shifting 
descenders (such as g, j, p, q, and y). It is directly TTL 
compatible. This device can also interface directly with 
other NMOS devices and with Complementary MOS when 
using a +5 volt power supply. 

A 7-bit character code (see Figure.3) is used to select 
any one of the 128 available characters. The rows can be 
sequentially selected, providing a nine-word sequence of 
seven parallel bits per word for each character selected. As 
the row select inputs are sequentially addressed, the ROM 
will automatically place the 7 x 9 character in one of two 
pre-programmed positions on the 16 row matrix (see 
Figure 6), with the positions defined by the four row 
select inputs. Maximum access time is 500 ns; however, if 
a device is programmed with shifted characters, the access 
time can be reduced to 300 ns. 

The MCM6571 is a pre-programmed version of the 
MCM6570 with a modified USASCII code input. It 
contains the upper and lower case English alphabet, 
commonly used lower case Greek letters, numbers 0 to 9 
and various mathematical symbols and punctuation 
marks. In fact any type of specialized symbols can be 
generated. Figure 6 shows which row of the character 
matrix is generated for each of the possible row select 


Character Memory 
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Decode Matrix 


{nput 


Shift 


Control 


Matrix 
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inputs. When a descending character is selected, rows R14 
thru. R12 are automatically blanked. The next nine rows 
form the descending character matrix. Thus, while any 


‘one character is contained in a 7x9 matrix, a 7x 12 


matrix must be available on the CRT screen to contain 
both normal and descending characters, The MCM6571 
uses a down count to display the rows of the character 
from top to bottom. The MCM6570 mask-programmable 
ROM allows a choice of either an up or a down count for 
this function. 

The MCM6570 requires three power supplies: -3, +5, 
and +12 volts. In systems using only +5 volts, special 
requirements of -3 and +12 volts can be an incon- 
venience. Because the device requires only small amounts 
of current from these supplies, and charge pump tech- 
niques using +5 volt supply can be used. A supply shown 
in Figure 4 will generate the required -3 volts at less than 
100ua. In Figure 5, a +12 supply is shown that will 
provide the 6 ma that typically is required from the 12V 
source. 


STORAGE 

As discussed earlier, the image on the CRT must be 
constantly refreshed; thus, a storage device is required to 
retain the information. Two types of storage devices can 
be used in this application: Random Access Memories and 


- shift registers. RAM’s offer the cost advantages resulting 


from high volume use and offer minimum access time 
when interfacing with a computer. Also, because of the 
random-access feature, no buffer storage is required. Shift 
registers are also low-cost devices offering simple editing 
functions; in particular, insertion operations. 
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FIGURE 6 : 


The necessity of a buffer register is an unattractive 
requirement of shift storage. Buffer storage is necessary 
because of the way the characters are written on. the 
screen (see Figure 7). As the electron beam moves across 
the screen, each character code is applied in turn to the 
character generator and the first row of each character is 
read out. At the end of the row, the electron beam 
retraces and begins moving -across the screen again. The 
same set of character codes must be presented to the 
character generator again so that the second row can be 
written. This procedure must be repeated until all nine 
rows have been written. With shift register storage, the 
information for a particular line would not be available 
after the first row was written, unless the information 
were shifted all the way around. If the shift register is 
large, system speed limitations would result. The buffer 
register can be eliminated, if small shift registers (storage 


capability of only one or two lines) are used in parallel. 
An ideal feature of these small shift registers would be 
3-state outputs. 

An excellent device for this application is the MC6545 
Quad 80-bit shift register. It:is an NMOS device and thus, 
is TTL compatible and also it will interface with other 


_NMOS and with CMOS devices. The Quad 80 features 


internal recirculate logic, and a single clock with frequency 
capability of D.C. to 5 MHz. The shift register’s static stor- 
age mode is when the clock logic level is “0”’. 


THE SYSTEM 


A CRT display system designed and built using 
the MCM6571 for character generation and.the MC6545 


‘for storage is shown in block form in Figure 8. It 


can display up to 640 characters (16 lines with 40 
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characters/line) and has a refresh rate of 60Hz. The 
system is built on six circuit boards divided into the 
following function areas: 

1) Counter and Retrace Control 

2) Memory 

3) Character Generation and CRT Drive 

4) Input Address and Data, and Cursor Generation 

5) Communications I/O and Memory Select 

6) Power Supplies 

The CRT display used is a Tektronix 604. It can be 
mounted in a standard 19” rack and the X, Y, and Z 
inputs can be driven by +5 and +12 volt supply circuitry. 
The other circuit blocks are mounted along side the 604. 
The counter is the central coordinator of the system, and 
it performs the following functions: 

1. Associates a set of data bits in the shift registers 
with a character location on the screen 

2. Signals the retrace control logic at the end of a row 
for horizontal retrace, and at the end. of a frame for 
vertical retrace. 

3. Provides timing signals for; - 

a. Serializing the parallel data from the character 
generator onto the Z-axis. 

b. Initiating a Read or r Write cycle requested from 
the computer. 

c. Erasing the screen. 

d. Entering data in the output data register. 

e. Clocking the shift register. 

4. Selects the row of each character being brought 
out of the character generator. 

Retrace control drives the logic for the X and Y 
amplifier inputs of the display unit and signals the Z-axis 
to turn off the electron beam during retrace. Memory 
stores the character code for each character location on 


39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22. 21 20.19 18 17 16 158 14 13 12 11 10 9 8 7 6 


the screen (even if it is a blank). Data from the memory 
drives the character generator which provides the dot 
matrix, one row at a time. This parallel data is. converted 
and applied serially to the Z-axis. Communications input/ 
output section accepts Read and Write requests from the 
computer, and enables the address and data. bits into the 
Registers. It disables the recirculate input on the shift 
register when a write is required. Address Compare checks 
for equality between the data in the input address register 
and the counter address. When this equality is detected, 
one of several things can happen: 

a. If the Write Request flip-flop has been set, Address 
Compare begins a Write cycle. 

b. If the Read Request flip-flop has been set, Address 
Compare enables the data at this location into the Output 
Data Register. 

c. In any case, Address Compare enables the cursor. If 
no equality is detected during a frame, and if there has 
been no computer request; the address in the Address 
Register is illegal and the screen is erased. Figure 9 shows 
the address map. The Cursor block generates a blinking 
cursor in row 2 (see Figure 6) of the character location in 
the Address Register. 


COUNTER AND RETRACE CONTROL 


A logic diagram of this board is shown in Figure 10. 
The counter is driven from an oscillator formed from two 
MC8602 one-shots in a single package. (1). The desira- 
bility of this type of oscillator will be discussed later in 
the memory section. The operating frequency is 5.0 MHz 
for a refresh rate of precisely 60 Hz. Because the counter 
is synchronous, the oscillator drives all the devices in the 
chain. 
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_ FIGURE 10 


The first stage of the counter is an MC8310 (3) which 
has been connected to count decimally from 0 to 8: The 
dot matrix columns 1 through 7 are being written when 
the count in this register is 1 through 7. During counts 0 
and 8, the Z-axis is blanked to form a space between 
horizontally adjacent characters. (4) and (5) are used to 
generate the time “TO”, “T8”, and “TO + (or) T8”. In 
addition to the clock input, (3) is enabled by (2) and (9). 
The function of (2) is to delay the beginning of trace by 
two clock pulses. The necessity for this delay will be 
discussed later. Circuit (9) is the horizontal retrace 
flip-flop which enables this MC8310 (3) during the trace 
operation and disables it during retrace (see Figure 11). As 
mentioned earlier in order to write one line of characters 
the codes must be presented to the character generator 
once for each row of the dot matrix. In addition, the shift 
register must be shifted completely around between the 
beginning of one trace and the start of the next. The shift 
register is 80-bits long and the number of characters in a 


line is 40. Thus, the other 40 must be shifted during 
retrace; as will be explained later, this second set of 40 
character codes is for the line following the first set of 40. 
Since the time for trace is nine times as long as the time 
for retrace, the second 40 bits must be shifted faster. To 
obtain this fast shift, (9) disables (3), effectively taking it 
out of the counter, and enables (6), which is the second 
stage of the counter, to be driven at the clock frequency. 
During trace, (6) is driven at the clock frequency divided 
by 9. 

An MC8310 (6), and two MC7472’s, (7) and (8), form 
a 6-bit counter stage to count decimally from 0 to 39. The 
count in this stage determines the horizontal character 
position on the screen. During retrace, this stage goes 
through its full count at the clock frequency and during 
trace, at the clock frequency divided by 9. At the end of 
each count the Horizontal Retrace flip-flop, (9), is 
toggled. Figure 12 shows the necessity of (2). During 
retrace the character codes are being shifted at a rate of 
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FIGURE 12 


5.0 MHz; the maximum access time for the character 
generator and shift register is 500 + 75 = 575-ns. If there 
were no delay after the completion of retrace, the output 
for character location 0 would be required after 200-ns. 


By inserting a delay of two clock pulses this timing is — 


increased to 600-ns. 

The next stage of the counter is an MC8316, (10), a 
4-bit counter which counts octally 2 to 16 (see 
Figure 10). The count in this device determines which dot 
matrix row is to be read out of the character generator. It 
is enabled when the count in the previous stage is 
completed and just before the Horizontal Retrace flip-flop 
(9) is set. This function is controlled by an MC3011 (11), 
that also serves as clock for the Shift During Retrace 
flip-flop, an MC7479 (12). As mentioned before, the data 
must normally be shifted during retrace. When one line of 
characters has just been completed and another is to 
begin, the shift must be inhibited. Thus, the Shift During 
Retrace flip-flop is clocked as each row is completed. If 
additional rows in the character line must still be written, 
the D input will be at logic “0” and the shift will be 
enabled. If the completion of the row jis also the 
completion of the line (the count in (10) = 16), the D in- 
put will be a “1” and the flip-flop set, and this will inhibit 
Shift During Retrance. An MC3011, (11) decodes the 
count in (10) and drives the D input of (12). 

The outputs of both gates of the MC3011 (11) are 
“ANDED” to form an enable for the last counter stage, 
MC8316 (14). It counts octally from 0 to 17. The count 
in this device determines the vertical character position or 
character line. At the end of the last count, the vertical 
retrace flip-flop is set. A vertical retrace takes the same 
amount of time as a horizontal retrace thus the Vertical 
Retrace flip-flop is reset by the Horizontal Retrace 
flip-flop. The Master Clear flip-flop initializes the system 
when power is first applied. 


MEMORY SELECT 


The Memory Select section (see Figure 13) forms the 
Shift Register Clock, and enables the Write and Output 
Enable inputs of the selected shift registers (MC6545). An 
MC4038 decodes the 3 highest order bits of the counter 
to generate an Output Enable. A set of MC3006 logic 
gates generates a Write Enable for the selected pair of shift 
registers when a Write cycle is being executed, and an 
Address Compare indicates that the desired location has 
been reached. . 

When the Horizontal Retrace flip-flop is reset, an 
MC3031 uses output C of the counter to clock data out of 
the shift registers. When the Horizontal Retrace flip-flop is 
set, and a Shift During Retrace is required, the counter 
clock is enabled by the MC3031 to form the Shift 
Register Clock. The MC3031 output goes to an MC7440 
high fan-out driver which in turn drives the clock inputs 
of all 16 shift registers. 

At this point, the desirability of the double one-shot 
oscillator for the counter clock becomes apparent. The 
Shift Register Clock is required to be in the high state for 
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at least 90-ns and in the low state for at least-90ns. Since 
the counter clock runs at 5.0 MHz (200-ns), a duty cycle 
close to 50% at the shift register clock input is required. 
The counter clock pulses go through an MC3031 and an 
MC7440 before reaching the shift register clock input; 
thus, some skew in the positive and negative propagation 
times may occur. To compensate for this skew, the pulse 
widths of the two one-shots can be adjusted as required. 


MEMORY 


The Memory section (see Figure 14) consists of sixteen 
MC6545 shift registers arranged in pairs and 16 MC8T26 
three-state buffers. Each pair holds 80 seven-bit character 
codes for two lines of display. The MC8T26 buffers are re- 
quired so that only one pair of shift registers is being ac- 
cessed at a time. 


CHARACTER GENERATION 

The output data from the shift registers goes to the 
Character Generation section (see Figure 15). If the 
system is in a Read cycle, the data is enabled into the 
Output Data Register made up of two MC7475’s. In any 
case, the data goes to the character generator as does the 
row select count from the counter. The specified row for 
the character is read out of the character generator and 


stored in the Output Row Register at TO + T8 time. The 


Output Row Register is applied to an 8-channel data 
selector, MC8312. This device selects each row input to be 
enabled to the single output according to the input count. 
This is supplied by the three lowest order bits of the 
counter. Thus, the parallel data is converted to serial data. 
At TO and T8 times, the grounded input pin is enabled. 
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The MC8312 also has an enable input which is driven by 
the cursor generator to be described later. 

The output of the MC8312 goes to the Z-axis driver 
which consists of 3 collector-or’ed MC7417’s driving an 
output transistor. The Z-axis driver output goes to ‘‘0” 
during vertical and horizontal retrace and whenever the 
data input from the MC8312 is “0”. 


CRT DRIVE 

The output drivers for the X and Y axes are shown in 
Figure 16. Each is driven by a cross-coupled gate/flip-flop, 
MC7400, which is, in turn, set and reset by two pulses 
tapped from. the outputs of an MC7442 and MC4007. 
During retrace, these devices generate a series of timing 
pulses from the same counter bits that determine horizon- 
tal character location. Thus, retrace time can begin a short 
time after blanking begins, and it can end a short time 
before blanking ends. This method eliminates any distor- 
tion that might result from characters being displayed in 
the non-linear area of the raster edges. 


COMMUNICATION I/O 


The read/write logic is designed for use with a 16-bit 
bus-oriented minicomputer. The display system uses four 
addresses on the bus. A bus interface card generates four 
signals, SELO, SEL2, SEL4, and SEL6, to indicate when 
these four addresses are selected. A control signal, C1L, 
indicates whether a bus-read or a bus-write cycle is being 
executed by the external control minicomputer. In order 
to respond to the minicomputer, the display system must 
generate two signals: 1) Ready, to indicate whether or not 
the system is busy doing an operation, and 2) SSYN, to 
indicate that a bus cycle is complete. 














The four possible types of operations have been 
assigned as follows: 

1) A bus write using either SEL2 or SEL6 is for writing 
data into the refresh memory. SEL2 is for the bottom 8 
lines of the display and SEL6, the top 8 lines. 

2) A bus write using either SELO or SEL4 is for 
specifying which location is to be read. SELO indicates the 
bottom 8 lines of the display and SEL4, the top 8 lines. 

3) A bus read using either SELZ or SEL6 is for 
determining the status of the Ready signal. : 

4) A bus read using either SELO or SEL4 is for 
retrieving the data requested in 2). For these operations, 
the 16-bit word of the minicomputer is divided into two 
sections. The seven least significant bits specify the 
character code, and the remaining nine specify the 
address. 
~The communications I/O logic is shown in Figure 17. A 
write operation is.executed in the following manner (see 
Figure 18(a)): 

1) Address and data are applied to the input lines of 








‘the CRT display system (Input Address and Data, and 


Cursor Generation are discussed in a later section). At the 
same time, CL input goes to zero which enables the OR 
gate inputs to the Read and Write Request flip-flops. 


2) A minimum of 150-ns later, SEL2 or SEL6 goes to 
zero which sets the Write Request flip-flop. In turn, it sets 
the SSYN flip-flop. Ready goes to zero, and the input 
address and data are enabled into the Registers. 

3) The SSYN is transmitted back to the minicomputer 


which waits 75-ns and then changes SELX back to a one. 
4) The SSYN flip-flop is reset and the SSYN signal 
goes to a zero. 
5) When the Address Compare signal goes to a “1”, 
indicating that the address register and the counter 
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contain the same address, the Write Request is clocked 
into the Write flip-flop. This flip-flop enables the neces- 
sary logic to write the new data into memory. The Write 
flip-flop is set directly when an erase is being executed. 

6) At the next T8 to TO times respectively, the Write 
Request and Write flip-flops are reset and Ready goes to a 
“1”. The system can now accept a new request. , 

A read operation (for specifying the location to be 
tead) is done in a similar manner except the SELO or 
SEL4 are used. 

To transfer data from the Output Data Register (see 
Figure 15) to the minicomputer or to check the status of 
the CRT system, the following sequence occurs (see 
Figure 18(b)): 
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1. CIL goes to a one. 
2. A minimum of 150-ns later, one of the SELX signals 
goes to a zero. 
. The SSYN signal goes to a one for at least 75-ns. 
4. The SELX signal returns to a one and SSYN goes to 
a zero. 


INPUT ADDRESS AND DATA 


The Address Register consists of two MC4015’s and a 
MC7479 (see Figure 19). The input address is enabled into 
the register when the Read Request or Write Request 
flip-flop is set. The input to bit 9 of the Address Register 
is dependent on the SELX input. If SELO or SEL2 is used, 
a zero is entered into bit 9 which means the bottom 8 
lines of the display will be accessed. If SEL4 or SEL6 is 
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used, a one is entered into bit 9 and the top 8 lines will be 
accessed. 


Ten MC8242 exclusive NOR gates are constantly 
comparing the input and counter addresses. They are open 
collector output devices: therefore, when they all indicate 
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a compare, the output goes to a “1”. The Address 
Compare flip-flop is set at the first positive edge of the B 
output of the counter. If a read or a write has been 
requested. it can be done at this time. Also the Address 
Compare flip-flop enables the cursor row compare logic 
and inhibits an Erase. 
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When Address Compare or a Read or Write Request 

goes from “0” to “1”, the Erase Inhibit flip-flop is set. 
After each frame is written, the Q side of the Erase Inhibit 
flip-flop is clocked into the Erase flip-flop. As long as the 
latter stays reset, nothing happens. An illegal address can 
be entered into the Address Register however (an illegal 
‘address would be when the 4 lowest order bits of the 
Address Register contain a decimal number between 10 
and 16). Since the counter does not duplicate the illegal 
address, the Address Compare flip-flop and, consequently, 
the Erase Inhibit flip-flop do not switch. At the end of the 
frame, then, the Erase flip-flop is set. 

Setting the Erase flip-flop forces: 

1. The.input data to the shift registers to. the character 
code for a blank. 

2. The Address and Input Data Registers to all 0” s. 


3. The. Erase Inhibit, Address Compare, and Write 
flip-flop’s set. 

This clears the screen of all data and moves the cursor 
location to address 0. 


CURSOR GENERATION 


The cursor is written at the location in the Address 
Register. It is written in row2 of the dot matrix (see 
Figure 6). Four MC7405’s are collector OR’ed (see 
Figure 20) to output a “1” each time that row select 2 
and address compare exist at the same time. An MC7490 
then divides the frequency of this output by five to make 
the cursor blink. The output of the MC7405’s and the 
MC7490 are ““ANDED” and, as mentioned earlier, the 
signal is used to drive the enable input of the parallel to 
serial converter for the Z-axis, MC8312. 
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CONCLUSION 

This system design shows one way of -using the new 
NMOS devices in CRT systems for both storage and 
character generation. The simplicity..of the design is 
possible because of the TTL compatibility and convenient 
power requirements of the NMOS parts. The capability of 
generating 128 characters in a 7x9 matrix and auto- 
matically shifting descender characters (g, j, p,q, and y) 


“means a substantial. reduction in external circuitry. The 


MC6545 Quad 80-bit Shift..Register allows maximum 
design. flexibility with features like a-3-state output, 
internal recirculate logic, a single clock: input, and a 
frequency range of D.C. of 5 MHz: It. will fit into smali 
systems as a main storage device and into large systems as 
buffer storage. With these devices, NMOS has indeed 
arrived for the CRT display manufacturers. 
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A NON-VOLATILE MICROPROCESSOR MEMORY 
USING 4K N-CHANNEL MOS RAMS 


INTRODUCTION 


Most read/write semiconductor memories are volatile, 
ie., if power is removed from the memory the stored 
information will be lost. In many cases of power failure, 
non-volatility for a specific period of time is required 
either as a necessity (irreplaceable information) or as a 
convenience (to avoid reloading the memory). 

This paper describes the design of an 8192-byte non- 
volatile memory system using dynamic RAMs and CMOS 
control logic in order to significantly reduce the power 
requirement in the standby mode-of operation with respect 
to the normal operating mode. 

This system was designed to be an add-on memory for 
the EXORciser,* a system development tool in the M6800 
Microcomputer family. 


MEMORY DEVICE DESCRIPTION 


The memory device used in this system is the 
MCM6605A, a 4096-word x 1-bit dynamic Random 
Access Memory (RAM). The dynamic characteristic of 
this memory device requires that refreshing of the memory 
cells be performed at periodic intervals in order to retain 
the stored data. This device was chosen for the following 
features: high bit density per chip and correspondingly 
low price per bit, standby mode with low power 
dissipation, TTL compatibility of inputs and outputs, 
and speed characteristics compatible with microprocessors 
and the EXOR¢ciser. 

Figure 1 is a functional block diagram of the MCM- 
660S5A. The device uses a three-transistor storage cell 
in an inverting cell configuration. The single external high- 
level Chip Enable clock starts an internal three-phase clock 
generator which controls data handling and routing on 
the memory chip. The lower 5 address lines (AO to A4) 
control the decoding of the 32 columns, and the upper 7 
address lines control the decoding of the 128 rows within 
the memory chip. The Chip: Select (CS) input is used for 

“memory expansion and controls the I/O buffers: when 
CS is low. the ‘data input and output are connected to the 
memory data cells, and-when CS is high the data input is 
disconnected and the data output is in the high impedance 
state. Refreshing is required every 2 ms and is accomplished 
by performing a write cycle with CS high on all 32 columns 


*Trademark of Motorola Inc. 
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selected by AO through A4. The read/write line controls 
the generation of the internal $3 signal which transfers 
data from the bit sense lines into storage. 

All inputs and outputs with the exception of the high- 
level Chip Enable signal are TTL compatible, and the out- 
puts feature three-state operation to facilitate wired-OR 
operation. The Chip Enable signal has ground and +12 V 
logic levels. Power requirements are typically 330 mW per 
device in the active mode from +12 V, +5 V, and -5 V 
power supplies, and 2.6 mW in standby with refresh from 
the +12 V and -5 V power supplies (the +5 V supply 
powers the output buffers and is not required during 
standby operation). 

Memory timing is outlined in Figure 2 and operates as 
follows for a read cycle (Figure 2a). The Chip Enable line 
is brought high after the correct addresses are set up, which 
starts the internal three-phase clock and latches the 
addresses into an internal register. Chip Select must be 
brought low in order to connect the data input and out- 
put to the data cells, and the Read/Write line must be 
brought high to inhibit the ¢3 cycle which writes data 
into the storage cells. A write cycle (Figure 2b) occurs in 
exactly the same manner as a read cycle except that the 
R/W line is placed in the Write mode, which gates the input 
data onto the bit sense lines, and enables a $3 cycle to 
write into the data cells. A write and a refresh cycle are 
the same with the. exception of Chip Select, which is held 
high for a refresh cycle and low for a write cycle. 

The Read-Modify-Write cycle shown in Figure 2c is a 
read followed by a write within the same CE cycle. CS is 
brought low shortly after the leading edge of CE and R/W 
is held high long enough for the Data Out to become valid. 
The R/W line can then be strobed low for a minimum 
write time to enter the Data In (which has been placed 
on the input) into the data cells. 


By holding the Chip Select high during refresh, the 
input data is inhibited from modifying the bit sense lines 
and the original data is returned to the data cells during 
$3 of the cycle. This refreshing action recharges the storage 
cells and must be done at least every 2 ms if the memory is 
to retain the information. The fact that the data is stored 
ona capacitor ina dynamic memory (rather than the “On” 
transistor of a static memory) requires that the capacitor 
be recharged periodically. This capacitive storage produces 
a low power standby mode of operation where only re- 
freshing takes place, which is the foundation of this low 
current drain non-volatile memory design. The memory 
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FIGURE 1 — MCM6605A 4K RAM Block Diagram 


device typically dissipates 330 mW in the active mode 
but only 2.6 mW in the standby mode (refreshing only). 


MEMORY SYSTEM DESIGN REQUIREMENTS 

This memory system was designed with the following 
major design goals: 

First, non-volatility for a period of time in the range of 
7 to 10 days from a reasonably sized battery. It is also 
desirable for the system to operate from one battery 
voltage during the standby mode to simplify the battery 
requirements. Second, the memory size was desired to be 


8K bytes on a PC card easily expandable upward and — 


addressable in 4K byte blocks. Third, the memory system 
must be able to interface with the MC6800 microprocessor 
which has a basic cycle time of 1 ys. Fourth, the 
memory system controller must handle all refresh re- 
quirements in a manner as invisible as possible to micro- 
processor operation. 


MEMORY SYSTEM DESCRIPTION 


A block diagram of the memory system is detailed in 
Figure 3. This block diagram can be split into three main 
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sections as follows. The first section is comprised of the 
address buffers, Read/Write and Chip Select decoding 
logic. The second section consists of the data bus buffering 
and the memory array itself. The memory array consists 
of sixteen memory devices (4K words x 1-bit) organized 
into two rows of 4096 bytes each. The third section of the 
block diagram comprises the refresh and control logic for 
the memory system. This logic handles the timing of the 
refresh handshaking with the EXORciser to request a 
refresh ‘cycle, the generation of the refresh addresses, 
synchronization of the Power Fail signal, multiplexing 
of the external Memory Clock with the internal clock 
(used during standby), and generation of the -5 V supply 
on the board by a charge pump method. 


Figure 4 is a worst case timing diagram of the read 
and write cycles of the EXORciser and the 4K memory 
system. The timing-is composed of two phases. During 
phase ! (1) addresses are set up and during phase 2 (#2) 
data is transferred. Figure 5 is a timing diagram of the 
memory system in standby showing refresh cycles only. 
This timing analysis will be referred to in the following 
discussions of the memory control circuitry. 
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ADDRESS BUFFERS AND DECODING 

Figure 6 is a logic diagram of the address buffers, de- 
coding logic and refresh address multiplexer. Address and 
data lines from the EXORciser are buffered from the 
capacitance of the memory array in order to provide a 
small load to the bus. This increases the EXORciser 
flexibility because it can easily be expanded. Since the 
addresses are valid on the EXORciser bus 300 ns into 
1, 200 ns is available to set up the address on the 
memories. The worst case input capacitance on the 
address lines of the MCM6605A is 5S pF/input. A system of 
16 memory devices (8K bytes) presents a total capacitive 
load on the address lines of only 100 pF (20 pF stray 
capacitance). Since 200 ns is available to set up the 
addresses on the memory devices, no high current buffers 
are required to drive the memories. AO through A4 must be 
multiplexed -with the refresh addresses so that all 32 
columns will be refreshed every 2 ms. Because of the 
requirement of low current drain in the standby mode, an 
MC14503* CMOS buffer with a three-state output is 
used to meet the multiplexing requirement. The buffers 
have sufficient current drive capability to drive the address 
line capacitance within 100 ns. An open collector TTL gate 
is used to translate to +12 V CMOS levels. AO through 
All are driven with Ground and 12 V logic levels 
so that +5 V is not required in the standby mode. AS 
through All are clamped to Ground during a refresh cycle 
so that they will remain stable. 

' The high order address lines (A12 through A15) are 
used to decode one 4K block of memory out of the 16 
total possible blocks in the 65K address map. The addresses 
and their complements are routed through hexadecimal 
switches to MC7430 NAND gates in order to create a CS 
signal for each 4K byte of memory. By rotating the 
hexadecimal switches (S3 and S4), all combinations of 
true: and complement addresses can be routed to the 
NAND gates, thereby selecting one of the sixteen 4K 
blocks. VMA and REFa are also inputs to these NAND 
gates: VMA is a Valid Memory Address signal on the bus 
indicating that the address lines are valid and REF a is a 
control signal indicating that a refresh cycle is taking place. 
During a refresh cycle, REF a goes low forcing CS and 
CSp high (a refresh cyclefor the memory devices is a 
write cycle with the Chip Select held high). The output of 
the MC7430 is translated to 12-V CMOS levels with the 
open collector gates and buffered with the MC14503 three- 
state buffer. The capacitive loading on each set of three 
paralleled drivers is 60 pF, allowing Chip Select to be 
decoded and valid 120 ns after addresses are valid on the 
data bus. During the standby mode (Bat = “1’’) the CMOS 
buffer is disabled allowing the 3.3 k ohm resistors to pull 
CSa and CSp high for continuous refreshing. 

The Read/Write signal is received by an MC8T26** and 
then decoded in the following manner: A write inhibit 
feature is provided using switches S1 and S2 for each 4K 
byte block of memory so that in a ROM simultation 


_ application the memory can be protected from extraneous" 


write operations due to programming or operator errors. 
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The Ready-Modify-Write cycle of the MCM660SA is used in 
this application because it requires a shorter data valid 
time (tData Stable) than a normal write cycle (see Figures 
2b and 2c). This feature is desirable because the EXORciser 
places valid data on the bus for the last 300 ns of a Write 
cycle. In order to delay the write pulse to the memory 
array until the data is valid on the Data Inputs of the 
memory array, a write inhibit pulse is combined with the 
EXORciser R/W signal in the MC7420 NAND gates. This 
write inhibit pulse is generated by the MC8602 mono- 
stable multivibrator triggered from the leading edge of 
the Memory Clock bus signal. The effect of this added delay 
can be seen from Figure 4 when comparing the memory 
array R/W line for a read and a write cycle. Note that for 
a write cycle, the R/W of the memory array is inhibited 
from dropping to the Write mode until memory input 
data is valid. ; 

The refresh control signal (REF a) is combined with 
the output of the MC7420 in an MC7408 AND gate in 
order to force a write signal on the memory R/W lines 
while in a refresh cycle. Translation and buffering is ac- 
complished in a similar manner as with the Chip Select 
signals. When in the standby mode (Bat = “1”) the 
MC14503 buffers are disabled allowing the 3.3 k resistor 
to establish a zero level on the R/W line of the memory 
array for continuous refreshing. 


DATA BUFFERS AND MEMORY ARRAY 

The EXORciser data bus is bidirectional, while the 
MCM6605A memory has separate data inputs and outputs. 
The MC8T26 data bus receiver/driver buffers the capaci- . 
tance of the memory array (very low, about 30. pF per 
data line) and combines the Data Input and Data Output 
of the memory array into one bidirectional bus as shown 
in Figure 7. The Data Out of the memory devices is 
inverted from the Data In, requiring an extra inverter 
(MC7404) in the data path when working with a non- 
inverting bus (i.e., the data is returned to the bus in the 
same sense it was received). 

During a memory write cycle, the data is valid on the 
data bus 200 ns (TASp) after the leading edge of the 
Memory Clock. With a 50 ns delay through the bus 
translators, the data setup requirement of the memories 
(210 ns) is easily met (see Figure 4). A memory read 
cycle requires a data setup time on the data bus of 120 ns. 
The access time of the memory from the leading edge of 
the CE signal plus the bus transceiver delay is 305 ns, 
which is compatible with the setup time required. 


REFRESH AND CONTROL LOGIC 

The refresh control logic shown in Figure 8 handles 
the refreshing of the memory during both operating and 
standby modes. The timing is shown in Figure 9. 

The refresh timing is controlled by an astable multi- 
vibrator constructed with an MC3302 comparator. This 


* MC14503 to be introduced-replacement for MM80C97. 
*& MC8T 26 to be introduced-replacement for N8T 26. 
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FIGURE 6 — Address Buffers and Decoding Logic 
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device was chosen for its low current consumption (1.5 
mA max) and single supply voltage operation, both 
important for battery operation. The refresh requirement 
of 32 refresh cycles every 2 ms is handled by stealing 
cycles from the processor. This cycle stealing results in a 
1.6% slower program execution rate than the basic micro- 
processor clock frequency. During the refresh cycle, the 
clocks to the microprocessor are “stretched” during the 
gl high and the $2 low times.by 1 ys as shown in Fig- 
ure 9. During this 1 us period, the memory executes a 
refresh cycle. In order to minimize the effects of memory 
refresh on microprocessor program execution, the 32 re- 
fresh cycles are distributed over the 2 ms period, one 
occuring every 64 us. Refresh could be done in a burst of 
32 cycles every 2.ms but this would cause a larger gap in 
program execution, which in this case was undesirable. 

The MC3302- produces the 64 us signal shown in 
Figure 5 to time the refresh requirement, and also is used 
in the generation of the -5 V supply required by the 
MCM6605 memory. Since these functions are required 
in the standby mode, which is powered by the battery, a 
CMOS buffer is used in a charge pump circuit to mini- 
mize current drain from the battery.. This charge pump 
creates -5 V at 3 mA from the 12-V battery to satisfy the 
bias requirements of the memory devices. 

The Refresh Clock is used to increment the address 
counter (MC 14024) and to clock the refresh handshaking 
logic (MC14027). Refresh Request goes low on the leading 
edge of the Refresh Clock, thus requesting a refresh cycle. 
Logic in the clock generation circuitry stretches the high 


portion of ¢1 and the low portion of ¢2 while sending — 


back a Refresh Grant signal. This stretching of the $1 signal 
delays program execution during this cycle. The leading 
edge of Refresh Grant starts the refresh cycle and cancels 
Refresh Request. The trailing edge of Refresh Grant re- 
turns the refresh logic to the normal state and the memory 
is ready for a memory access. The trailing edge of the 
Refresh Clock then increments the refresh address counter 
in preparation for the next refresh cycle. 

Decoding of the memory clock (CEA and CEp) and the 
circuitry to synchronize the Power Fail signal is shown in 
Figure 10, with the timing given in Figure 11. 

The memory device clock (CEA and CEg) during stand- 
by is created by a monostable multivibrator (MC14528) 
and buffered from the memory array by three MC14503 
buffers in parallel. This clock is multiplexed. with the 
Memory Clock by use of the three-state feature of the 
MC14503. The Memory Clock (used during normal oper- 
ation) is translated to 12-V levels by use of MC75451 
drivers. Decoding of the CEa and CEp signals (i.e., clock- 
ing only the memory bank addressed) to conserve power 
is accomplished by the MC7400 gates in conjunction with 
the MC75451 drivers. : 

Since the Power Fail signal will occur asynchronously 
with both the Memory Clock and the refreshing operation 
(Refresh Clock), it is necessary to synchronize the Power 
Fail signal to the rest of the system in order to avoid 
aborting a memory access cycle or a refresh cycle. An 
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MC 14027 dual flip-flop is used as the basic synchronization 
device. The leading edge of the Refresh Clock triggers a 
3 us monostable multivibrator which is used as a refresh 
pretrigger. The trailing edge of this pretrigger triggers a 
500 ns monostable which creates the CE pulse during 
standby operation. The 3 us pretrigger signal is used to 
direct set half of the MC14027 flip-flop, the output of 
which, ®), then inhibits a changeover from the standby 
to the operating modes (or vice versa). This logic prevents 
the system from aborting a refresh cycle should the Power 
Fail signal change states just prior to or during a refresh 
cycle. The trailing edge of the 500 ns monostable clears 
the MC14027 flip-flop, enabling the second flip-flop in the 
package. The state of Power Fail and Power Fail is applied 
to the K and J inputs of this second flip-flop and is 
synchronized by clocking with Memory Clock. The outputs 
of this flip-flop, labeled Bat and Bat, lock the system 
into the refresh mode and multiplex in the internal 
clock for standby operation when Bat = “1”. 


SYSTEM PERFORMANCE 


Figure 12 is a photograph of the breadboard of this 
dynamic memory system. This breadboard was interfaced 
with. an EXORciser system and tested using a compre- 
hensive memory test program written in-house. 

Figure 13 is a photograph of waveshapes associated 
with alternate reads and writes in one 4K bank of the 
memory system. Included also is the M6800 program used 
to generate these waveforms. This type of operation pro- 
duces repetitive signals on the memory board in order to 
aid troubleshooting. Note the refresh cycle sandwiched 
in among the read and write cycles, and that the decoding 
of the CE signals produces no clocks on CEa (accesses are 
to bank B), except during refresh. 

Figure 14 shows the printed circuit memory array used 
to interconnect the memories. The addresses are bussed 
between the 4K memory chips in the horizontal direction. 
Data lines are bussed in the vertical direction. The 
MCM6605 4K RAM_has power and ground pins on the 
corners of the package allowing wide, low impedance 
power and ground interconnects within the memory array. 
Decoupling capacitors were used as follows within the 
memory array: +12 V - one 0.1 uF ceramic per package, 
+5 V - one 0.01 wF ceramic for every three packages, and 
-5 V - one 0.01 uF ceramic for every three packages. 
Figure 15 is a photograph showing the ripple on the power 
supplies caused by accesses to one 4K byte bank of mem- 
ory as shown in the photograph. The +12 V line supplies. 
the most current to the array and is the one on which the 
most care in decoupling (wide PC lines and distributed 
capacitance) should be taken. Placement of the Vpp pin 
on the corner of the package allows the designer the 
option to do this easily. 
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The dc power dissipation of this memory system is 
shown in Table |. Of these current drains, the most critical 
to non-volatile operation is the current requirement in the 
standby mode in which the current would probably be 
supplied from a battery. A breakdown of the typical cur- 
rent required from +12 V to maintain the memory in 
the standby mode is shown in Table 2. 

By using CMOS for the refresh logic and capacitance 


drivers, a dynamic memory, and a low current refresh 
oscillator, the standby current has been reduced to a level 
that can be supplied easily by a battery. Table 3 is a brief 
list of various capacity 12-V batteries that could be used to 
power a system of this type in the standby mode. Support 
time runs from one-half to 35 days and can be made as 
long as desired if sufficient battery capacity is available. 


TABLE 1 — 8K x 8 Non-Volatile Memory. System Power 
Requirements (1-MHz aa Clock Rate) 





Power Supply 


300 mA 
Operatin 
aie 860 mA 


Standby - 
: No +5 V Supply required 





[Current 









- *Because memory is dynamic, the +12 V current requirement is 
dependent on rate of memory access. 


TABLE 2 — Standby Mode Current Allocation 


Typical Current 


+12 V Current (Vpp) 
Charge Pump 


Comparator | 
Capacitance Drivers 


Total 





TABLE 3 — Battery Characteristics 






Globe GC 1245-1 
Globe GC 1215-1 — 







Burgess 
12.0 V 225 Bh 


ae [ET ee Lee [ eee | 

_ Battery Hours (Lx Wx H) Support Time* 

[ Giove Ge 12200 | 20 | es"xe5" x40" | 10.7510] Se days 50K | 
| 45 | evx2svxa | asibs | 
Ps | xiarx2e” | 15tbs | 

[augers ue 202 | 06 | aa'xsavxaa [11608 | 
call age 









8 days (192 hrs) 
2.6 days (63.75 hrs) 






1,25 days (30 hrs) 
0.47 day (11.25 hrs) 


* Assumes 20 mA average current drain (14 mA for memory and 6 mA for power fail! 
detection circuitry) and a battery voltage range during discharge from 13 to 11 V. 


SUMMARY 


This application note-has described the design of an 
8K byte memory system, based on the MCM6605A 4K 
x 1 dynamic RAM, to provide non-volatile operation with 
a minimum of standby current. Tests on the breadboard 
memory system indicate standby currents typically 14 mA 
from a 12 V battery. The discussion has shown that a 
dynamic memory refresh requirement can be handled with 
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minimal control logic. For memory sizes in the area of 
8K bytes, the higher bit density of the 4K chip makes the 
system design cost effective when compared to an equiva- 
lent static memory design. In the area of non-volatility, the 
standby mode inherent in a dynamic memory makes it a 
“hands down” winner when compared to a static memory 
design of this size. 


THE DESIGN OF AN N-CHANNEL 16K X 16 
BIT MEMORY SYSTEM FOR THE PDP-1I 


INTRODUCTION 


When PMOS dynamic random access memories were 
introduced, they offered, for the first time, memory sys- 
tems with a cost/performance exceeding that of cores. 
Although they have been fairly successful in competing 
with core memories for mainframe applications, there were 
many shortcomings. For example, some memories required 
critical overlapping clock pulses which. complicated. the 
design and placed an extreme burden on the layout. The 
logic levels for both input and output were not compati- 
ble with standard logic, such as TTL, which meant that 
translators had to be used. The actual cost of these 
translators is small compared to the penalty paid for the 
added complexity of the memory board, additional power, 
and extended system cycle time. Also additional bypassing 
is required and the board layout complicated by the ac 
noise generated from the translators. 

With the advent of N-channel and advanced design tech- 
niques, a whole new breed of MOS memories has emerged. 
One such memory is the MCM6605A. The MCM6605A is 
a 4096-word by 1-bit dynamic memory that does not ex- 
hibit any of the undesirable features mentioned earlier. 
For example: This memory requires only one clock that 
has no critical overlaps. All inputs and outputs are TTL 
compatible, and the memory access time is fast (210 ns 
max). Other features include chip select for easy memory 
expansion and three-state output. Because of the high 
density, low power, and high speed of this semiconductor 
memory, it isideal for mainframe memory applications. 

This paper briefly covers the operation and features of 
the MCM660SA, and then illustrates the design of a 
PDP-1i add-on mainframe memory system employing the 
MCM6605A. The memory system to be described con- 
tains 16K words by 16 bits or 32K bytes of semiconductor 
memory and the associated electronics necessary to control 
and interface the semiconductor memory to the PDP-11. 
The whole memory system can be mounted on a-single 
P.C. board because of the small amount of support elec- 
tronics required and the high density of the MCM6605A 
memory. 

The support electronics can be easily partitioned into 
three sections or functions: bus interface, refresh timing 
and control, and memory control and interface. A detailed 
description is given of the logic and- interface devices 
necessary to perform each of these functions. 

The paper is concluded with a summary on the per- 
formance of this add-on memory system with the PDP-11 
computer. 


5-34 





MCM6605A OPERATION 


The MCM6605A is a dynamic random access memory 
that contains 4096 bits of storage organized into 4096 
words by 1 bit. This semiconductor memory, which comes 
in a standard 22-pin package, see Figure 1, is fabricated 
with an N-channel silicon gate process to optimize speed, 
power, and density tradeoffs. By employing the standard 
three transistor cell arrangement, the internal sense ampli- 
fier requirements were simplified. 
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FIGURE 1 — MCM6605<A Pin Assignment 


In addition to the high speed (210 ns access) and low 
power (82 uW/bit active and 0.63 uW/bit standby), the 
MCM660SA has additional features such as TTL-compatible 
inputs with latch capability on the address inputs, three- 
state output with chip select control for easy memory ex- 
pansion in the word direction, only 32 refresh cycles 
required every 2 ms, and the power supply pins on the 
corner of the package to simplify power supply distribution 
and bypassing on the board. One high-voltage clock is 
required and there is no critical timing or signal overlap. 

The net result of these features can provide a big saving 
in system costs, not only because of the lower cost of the 
semiconductor memory per bit, but because of the in- 
creased packaging density per board, less support elec- 
tronics, bipolar logic compatibility, reduced power, and 
lower assembly costs. All of these savings will be apparent 
in the memory system to be covered in the following 
sections. 

A detailed description of the operation of the 
MCM6605A is necessary for the design of the memory 
controller. The 4096 bits of storage are divided equally 


into four quadrants as noted in the block diagram given 
in Figure 2. In addition to the storage, the chip contains 
input address latches, row and column decoder logic plus 
additional logic to control the input and output of data 
to the storage area. 

The MCM6605A uses three internal clock signals to con- 
trol reading from, or writing into, the storage cells. These 
three clock signals ($1, 62, and $3 shown in Figure 2) are 
controlled by Chip Enable (CE) and Read/Write (R/W).to 
perform the various read, write, refresh, or combination 
cycles possible with the MCM6605. The timing for these 
cycles is given in Figures 3 and 4. 

The 1 clock is on whenever CE is low (standby position) 
and precharges the dynamic circuitry of the MCM660SA in 
preparation for the start of a memory cycle. | 


Read Cycle ; 

The one high level! clock line, CE, is brought high to 
initiate all cycles. The rising edge of CE turns off the $1 
precharge and initiates the $2 clock. The $2 clock does 
several things in sequence. First, it latches the input 
addresses into buffers and drives the column decoders. 
These decoders use addresses AO to A4 to select one column 
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of 64 storage ‘cells on each side of the chip and transfer 
the 128 stored data bits onto precharged bit sense lines. 
The row decoders use A5 to All to select one bit of the 
128 bit sense lines. This selected bit is. exclusive NORed 
with a data control cell (the purpose of which is explained 
under write cycle below) and is used to drive an output 
buffer/latch. The $2 signal terminates at this time after 
latching the data into the output buffer. The cycle can 
be terminated at this point by bringing CE low to standby, 
allowing ¢1 to precharge the memory before the next 
cycle. During this simple read cycle, R/W must remain 
high to inhibit writing. 


Write Cycle 

The write cycle is the same as a read cycle, up until 
$2 terminates with 128 bit sense lines holding the two 
columns of data. When $2 goes off, a ¢3 signal is initiated 
anytime R/W is in the write position. This ¢3 clock 
transfers the data on the 128 bit sense lines back into 
the storage array. The line selected by the row decoder 
(A5 — Al11), however, has been overridden by input data. 
The write cycle is terminated by bringing CE low into 
standby. The #2 — $3 sequence of bringing data from the 
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storage cells onto bit sense lines and then putting the data 
back into the cells inverts the stored data since the read 
operation is inverting but the write operation is not. In 
order to keep track of the polarity of the stored data, a 
row. of data control cells. is added to the array and is 
driven by the same column decoder which drives the 
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storage cells. The data control cells are identical to the 
storage cells and are inverted each time a write cycle is 
performed. By performing an exclusive NOR function of 
both input and output data with the control cell tied to 
the same column, the relative polarity is always discernable 
and inversions do not cause loss of data. © 
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Refresh Cycle 

The write operation described above actually refreshes 
127 bits in the selected columns while it is writing into 
one bit. If the Chip Select (CS) signal is held high to inhibit 
the input data, then a write cycle would merely refresh 
all 128 bits. Therefore, one write cycle with CS high (now 
called a refresh cycle) on each of the 32 combinations of 
AO through A4 will refresh the entire memory as long as 
each address combination is used every 2 ms. 

When the memory is first powered up, the data control 
cells may not come up with a valid logic level and several 
refresh cycles may be required to insure a solid logic level. 
In system usage, this would cause no difficulty, since data 
.. would not normally be immediately written into the 
memory system. For memory test purposes, a preset 
input (pin 3) is included to preset these data control 
cells with a 200 ns pulse. This preset pin should be 
permanently grounded in systems unless there is some 
unusual requirement. 

Keeping the above memory operation in mind, the first 
phase of the design will be the PDP-11 interface. 


MEMORY SYSTEM 


First of all, the memory system can be divided into 
four distinct functions or sections as illustrated in Figure 5: 
the memory — CPU interface, refresh address and control, 
memory timing control, and the memory array. 
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FIGURE 5 — Memory System Block Diagram 


1. Memory — CPU Interface 

To interface with the PDP-11 computer, the following 
bus lines are required: 18 address, 16 data, and 4 control. 
The least significant address bit, A00, is actually used with 
the control bits CO and C1 to determine if a write cycle is 
to be done on the lower byte (data bits DO — D7) or 
upper byte (data bits D8 — D15) as illustrated in Figure 6. 


The next 12 address bits, Al through A12, go directly to 


the memories to select one word from 4096 words; see 
Figure 7. Address bits Al13 and A14 are used to select one 
4K memory block from the 16K words per memory board. 

Address bits Al5, A1l6 and A17 permit the main- 


memory capacity of the PDP-11 to be expanded to 128K_ 
words. Thus, only eight 16K memory boards are required. 
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Write (0-15) 


Write (0-7) 
Write (8-15) 


FIGURE 6 — Memory Control Truth Table (PDP-11) 


for the complete main-memory capacity of the PDP-11. 
The jumper box, illustrated in Figure 7, can be wired to 
decode address bits A15, Al6 and A17 for the selection 
of only one of the eight memory boards. 

The bus lines require special circuits to receive and 
transmit data so that the transmission-line characteristics 
of the lines will be maintained. The circuits chosen for this 
job were the MC3450/MC3452 quad line receivers and the 
MC4042 quad pre-driver. 


The MC3450/MC3452 Bus Receiver 

The MC3459 is a quad receiver that features three-state 
outputs; the MC3452 has open collector outputs. These 
line receivers were chosen because of the following features: 

(1) High input impedance keeps loading of the line 
to a minimum. 
Minimum overdrive to switch receiver is 25 mW, 


(2) 
which provides high noise immunity. 

(3) The differential input amplifier stage of the 
receiver can be used to provide either true or 
complement signals; see Figure 7. 

(4) Four receivers per package greatly reduce the 


total package count. 


In order to use the MC3450 or MC3452 as a single-ended 
line receiver, one input to the differential receiver has to 
be tied to a reference voltage. For optimum noise immu- 
nity, the reference voltage should be set halfway between 
the minimum high and maximum low voltage specified for 
the line. Minimum high for this system is 2.5 V and 
maximum low is 1.4 V. The optimum reference voltage 
(Vref) for these limits would be 1.95 V. The reference 
voltage generator is given in Figure 7. The voltage generator 
is designed to give a constant Vyef of 1.95 V regardless of 
the line receiver current drain. The 1N914 diode is used 
to track the base-emitter voltage of the 2N3904 with 
temperature, thus providing relatively constant output 
voltage over temperature. Note that true and complement 
signals (A00/A00) in Figure 7 are easily generated by 
attaching the Vref voltage to either the non-inverting or 
inverting inputs respectively. 
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” FIGURE 7 — CPU/Memory Address and Control Interfaces 
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FIGURE 8 — CPU/Memory Data Interface 
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The MC4042 Bus Driver 

The only bus lines for this memory system that require 
bi-directional transfer are the 16 data lines illustrated in 
Figure 8. Data transmission on the bus must be done with 
open collector drivers that are capable of sinking 50 mA 
with a VOL less than 0.8 V. Also, the driver output must 
be strobed high when data is not being transmitted. The 
MC4042 quad pre-driver meets these requirements. The 
memory data register (MDR) is included in the data inter- 
face. The MDR is required to retain valid data on the bus 
because the memory CE signal is terminated before the 
system read cycle is complete. 


F time (ns) -200 9 200 
| 


2. Memory Timing Control 

Before discussing the design of the memory control 
section, it might be helpful to review the interaction 
required between the CPU and memory system for a read 
or write cycle. The following discussion will use the system 
timing diagrams shown in Figures 9 and 10 extensively. 


System Read Cycle 

Figure 9 shows the sequence of events that must occur 
to successively transfer data from the memory to the CPU. 
At the start of a read cycle, the CPU sends the address of 
the storage location it wishes to receive data from, and the 
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FIGURE 10 — Typical System Write Cycle Time 


control lines (CO, C1) tell the memory system that the 
operation to be performed is a read cycle: The logic state 
of CO and C1 for a read cycle is given in Figure 6. The 
CPU waits for at least 150 ns to allow for address deskewing 
and decoding before signaling the start-of a read cycle with 
a master synchronization signal (MSYN). The remaining 
signals shown in Figure 9, with the exception of the slave 
synchronization signal (SSYN), are the same as those given 
in Figure 3. When the control board receives MSYN, the 
CS and CE signals are sent to the memories. At the end 
of the 210 ns Chip Enable clock, the memory controller 
must generate SSYN to indicate that the data read from 
the memories is valid. When SSYN is sent, the CPU 
strobes in the data and terminates the cycle by releasing 
MSYN. | 





System Write Cycle 
With a write cycle, the data and the address of where 
the data is to be stored are placed on the bus as indicated 








in Figure 10. The logic states of CO, C1, and AOO (Fig- 
ure 6) determine whether the write cycle to be performed 
is a byte or a word. As with the read cycle, 150 ns is 
allowed for deskewing and decoding before MSYN is 
sent. The remaining signals given in Figure 10 are the same 
as those given in Figure 4. When the memory board receives 
MSYN, the data, CS, and CE signals are sent to the 
memories. At the end of the 330 ns Chip Enable pulse, 
the memory controller sends SSYN to the CPU to signal 
that the data has been stored. The CPU then terminates 
the write cycle by releasing MSYN. 

It should be apparent from the preceding ivauiog 
that the timing required for either a read or write cycle is 
extremely simple and that no critical overlapping of signals 
is required. The complete memory control.section is given 
in Figure 11. Keeping the above memory timing description 
in mind, the memory control section performs in the 
following manner. 
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Memory Control — Read Mode : 

Although the CE clock time of the MCM6605A for a 

read cycle is 120 ns less than that for a write cycle, the CE 
time for both the read and write cycles was made es to 
simplify the memory controller. 
_ For the read cycle, the logic states of control lines 
CO and ‘C1 force the read/write buffers into the logic “1” 
state. A memory board enable (MBE) signal is generated 
from the memory — CPU interface circuitry (Figure 7) 
when the. MSYN line goes low with the presence of a valid 
memory board address. The MBE signal propagates through 
the one-of-four demultiplexer (MC4007) and a CS signal 
is sent to the row of memories determined by addresses 
A13 and Al4. The jumper box allows the memory board 
to be only partially populated for smaller size memory 
requirements. 

The CS signal also enables the data bus drivers with 
Transmit, and the leading edge of CS triggers the MC8602 
one-shot which sets the memory CE clock pulse width 
(330 ns min). To conserve power, the memory CE clock 
driver is decoded so that only one row of memories will 
receive a clock pulse (see CE clock address in Figure 11). 





On the trailing edge of the CE pulse, the valid data will 
be strobed into the MDR and the J-K flip-flop is clocked to a 
logic “1”. This enables the SSYN line, which tells the 
CPU that the data on the bus is valid. After the CPU 
strobes in the valid data, the CPU releases MSYN which 
terminates SSYN by resetting the J-K flip-flop. The ter- 
mination of SSYN completes the read cycle. 

Note in Figure 11 that the Q output of the J-K flip-flop 











islabeled Refresh Enable Delay (RED). This output is sent 


to the refresh control logic to delay the start of a refresh 
cycle if requested during a CPU cycle (see refresh control). 
The delay is necessary to insure the minimum n tSB time of 
the memory; see Figutes 3 and 4. 


— Write Mode 


The controller performs in the same manner as the 
read mode with the following exceptions. The control 
lines force the Read/Write buffers into the write mode 
and they also disable the Transmit signal. 

On the trailing edge of the memory CE clock pulse, the 
SSYN line is set low to signal the CPU that the data is 
stored. The cycle is then terminated with the release of 
MSYN which resets the SSYN flip-flop. 


Memory Control — Refresh Mode _ 


To perform the refresh cycle, the memory controller is 
forced into a write mode with a refresh request (REF = 
logic “‘1”). The REF signal also enables the refresh address 
and disables the MBE signal (see Figure 7). The MBE signal 
is disabled to prevent the memories from receiving a CS 
signal and the CPU a SSYN signal. 

The CE clock one-shot is triggered on the leading edge 
of REF and CE is sent to all of the memories (see 
section on clock driver). On the trailing edge of CE, a 
120 ns one-shot is triggered to delay the start of a CPU 
cycle that could be requested during a refresh cycle. This 


Memory Control 
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signal insures the minimum tsp time of the memory by 
keeping the MBE signal disabled for at least 120 ns after 
the trailing edge of CE (see refresh control). 


3. Refresh Address and Control 

In order to insure that data is retained, the whole 
memory must be completely refreshed every 2 ms as noted 
earlier. This can be accomplished by insuring that a write 
cycle is performed on each of the 32 column addresses at 
least once every 2 ms. There are two ways in which refresh 
can be performed. One method would be to initiate at 
the end of a 2 ms period a burst of 32 column refreshes, 
one refresh cycle followed immediately by another. The 
second would be to steal one column refresh cycle every 
62.4 us. The latter approach was taken since it would 
present the least interference to programs being executed 
by the CPU. 

To implement refresh, the following logic i is needed: 
a 16 kHz clock, one 3-input NAND gate, two D latches, 
a 5-bit ripple counter, and a 5-channel digital multiplexer 
as illustrated in Figure 12. The 16 kHz can be generated 
with the MC4024, a voltage controlled multivibrator. The 
frequency of the MC4024 is adjusted to 16 kHz by setting 
the voltage on the dc control input with the 5 k ohm 
variable resistor. The control section is comprised of two 
flip-flops and the NAND gate. On the positive edge of the 
16 kHz clock, a logic “1” propagates through the two 
flip-flops and REF is switched to a logic “‘1’”’. Of course, 
this assumes that no memory cycle is presently being 
processed (MBE input a logic “1’”). If a memory cycle is 
being executed at the time a refresh cycle is requested 
(MBE a logic “‘0”), then flip-flop #2 will not be set until 
the end of the memory cycle being executed (MBE 
switched to a logic ‘“‘1”). When REF is switched to a logic 
“1”, the control logic of Figure 11 is set to perform a 
write cycle, and the external address coming from the 
CPU is switched to the refresh address. This gating of the 
addresses can be accomplished with the quad 2-input 
multiplexer (MC8322) and the MC7451 as shown in 
Figure 12. The refresh address is generated with the 5-bit 
ripple counter comprised of the MC7493 and one-half of 
an MC7473. The refresh cycle is terminated on the trailing 
edge of the RDD pulse by switching flip-flop #2 (REF) to 
a logic “0”. 

These three sections of the memory system are inte- 
grated into a single logic schematic shown in Figure 13. 
For clarity of interconnection between the memory array 
and the memory control section of the system, the address 
buffers and clock drivers are also included in the sche- 
matic. These devices will be covered in the following 
discussion of the memory array. 





4. Memory Array 

The memory array contains sixty-four MCM6605A 
memories arranged in a matrix of four rows and sixteen 
columns as noted in Figure 14. The sixteen columns are 
divided into two groups of eight each with separate read/ 
write control signals. This partitioning scheme provides for 
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FIGURE 12 — Refresh Address and Refresh Control 


a byte as well as a word transfer. Also included in the 
memory array are address buffers and clock drivers. 


The MC3459 Address Line Driver 

Although the address inputs of the MCM6605A exhibit 
low input capacitance (5 pF max), the total parallel input 
capacitance of these lines in the array can exceed 300 pF. 
Standard TTL logic gates have insufficient current drive 
capability to rapidly switch a high capacitive load, there- 
fore, a high speed buffer, such as the MC3459, is required; 
see Figure 15. The MC3459 has sufficient output current 
to typically switch a 360 pF load in 20 ns. This fast 
switching of the lines can cause a considerable amount of 
overshoot so a 10-ohm series damping resistor is recom- 
mended. The output of the MC3459 also has an internal 
2.5 k ohm pullup resistor to provide a higher Voy (3.2 V 
at -640 uA) than standard TTL logic gates. This higher 
VOH meets the minimum VjH (3.0 V) requirement of 
the MCM660S. 


The MC3460 Clock Driver 
The MC3460 quad clock driver, see Figure 16, was 
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employed to meet. the high voltage requirements of the 
memory CE input. The clock driver has internal logic to 
either select one of the four clock drivers for a normal 
CPU memory cycle or to select all four drivers at the 
same time for a refresh cycle. Two enable inputs are also 
provided for additional memory expansion to 64K words 
without additional address decoding. Other features of the 
MC3460 include fast switching (25 ns typical for a 480 pF 
load), and low de power for the Vpp supply (348 mW 
max for all four drivers in the logic “‘0” state). 


For the memory array given, each clock driver has to 
fan out to 16 memory chips. To drive this number of 
memory chips, an external 6.2'k ohm pullup resistor is 
required for each driver output to insure a minimum 
VOH of Vpp -1.0 V at a maximum leakage current of 
160 vA. A minimum 20 ohm damping resistor is also 
recommended on the CE lines to reduce overshoot. 


The memory ‘system described was laid out on a 
standard size PDP-11 two-sided PC board as illustrated in 
Figure 17. A photo of the actual memory board is given 
in Figure 18. 
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FIGURE 13 — Memory System Schematic 
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FIGURE 14 — Memory Array 
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SYSTEM PERFORMANCE 


System Access and Cycle Time 


The performance of this memory system was measured 
under program control on the PDP-11 computer. The 
following cycle times were measured from the 50% point 
on the leading edge of MSYN to the trailing edge of SSYN 
(see Figures 9 and 10). 








System Access: 305 ns (from MSYN to data valid on 
the bus) 

System Read Cycle: 830 ns 

System Write Cycle: 730 ns 


A considerable amount of the cycle time is spent by 
the CPU in acknowledging SSYN. Some of this wasted 
time could be used to advantage during a write cycle. That 
is, the SSYN could be sent to the CPU earlier by clocking 
the SSYN latch with a one-shot that has a smaller pulse 
width than the CE one shot. 











System Power Considerations 


The MCM6605A is a dynamic RAM that has essentially 
zero power drain when in the standby mode (CE is a logic 
0”). However, when the memory is active, the Vpp and 
VBB supplies have considerable dynamic current transients 
as noted in Figure 19. To insure that the noise does not 
exceed 0.35 V on the Vpp supply, a low inductance 
0.1 uF capacitor is required on the Vpp line for every 
two memory chips. For a 20 ns rise time on the chip 
enable clock, the bypass capacitors should not be separated 
more than 1.2 inches. The Vpp line requires only one 
0.01 uF capacitor for every four memory devices. 





FIGURE 19 — Typical Supply Current Transient Waveforms 


The Vcc line supplies current only to the output buffer 
and, therefore, requires only a 0.01 uF bypass for every 
eight memory chips. 


The de power dissipation of the memory system is given 
in Table 1. This dec power was measured while running 
worst-case noise test patterns on the memory systems. 


TABLE 1 — Typical Power Requirements 
for 16K x 16-Bit Memory Board 


Power Supply Standby Power] Active Power 
Volts Watts Watts 


5.0 (Vge) 
0 Weolf #8] 478 | 


There are certain data transfers such as direct memory 











> access (DMA) that would greatly increase the Vpp power. 
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The. following equation can be used to calculate the 
maximum active Vpp power fora DMA type data transfer: 


Pp = M(MC) appa) (Vpp) + (N-1)0) * 


("*)enaveoo fcr) (pps) won) 


_ N= system word size 
where: ae’ ome 
M = number of bits per word 


MCT = semiconductor memory cycle time 
SCT = system cycle time 
2 ms 


ak: number of REF cycles 





IDDA = active Ipp current 
IpDS = standby Ipp current 


Using this equation, the maximum active Vpp power 
for this memory system is 4.46 W. This power figure was 
determined by using a system cycle time of 830 ns and 
the following MCM6605A parameters: 


(1) MCT =490ns 
(2) Vpp =12.6V 
(3) Ippa =36 mA max 
(4) Ipps = 204A max 
(5) T = 62.5 us 


The calculated power figure does not include the clock 
driver power. Even with the worst case DMA power figure, 
the power per bit is extremely favorable compared to 
other -memory systems with comparable performance. In 
the standby mode with refresh, the average dc power 
figures taken from Table | show a typical 23.4 uW/bit 
for this system. 


SUMMARY 

This report has covered the features and operation of 
the MCM6605A N-channel .MOS memory, and the com- 
plete design of a PDP-11 memory system employing this 
device. This design also incorporates some of the newest 


‘semiconductor memory interface parts to reduce package 


count and enhance system performance. 

Because of the high density, high speed, and low power 
of the new 4K RAMs, such as the MCM660SA, they should 
find rapid and wide acceptance for mainframe memory 
systems applications such as the one just covered. 
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Reliability 


Paramount in the mind of every semicon- 
ductor user is the question of device performance 
versus time. After the applicability of a particular 
device has been established, its effectiveness. de- 
pends on the length of troublefree service it can 
offer. The reliability of a device is exactly that — 
an expression of how well it will serve the 
customer. The following discussion will attempt 
to present an overview of Motorola’s MOS Re- 
liability efforts. 


BASIC CONCEPTS 


It is essential to begin with an explanation of 
the various parameters of reliability. These are 
probably summarized best in the Bathtub Curve 
(Figure 1). The reliability performance of a device 
is characterized by three phases: infant mortality, 
random failure and wearout. When a device is 
produced there is often a small distribution of 
failure mechanisms which will exhibit themselves 
under relatively moderate stress levels and there- 
fore appear early. This period of early failures, 
termed infant mortality, can often. be reduced 
significantly through proper manufacturing con- 
trols.and screening techniques. The most effective 
period is that in which only occasional random 
failure mechanisms appear. This typically spans 
a long period of time with a very low failure 
rate. The final period is that in which the devices 
literally wear out due to continuous phenomena 
which. existed at the time of manufacture. Using 
reasonable design techniques and selectivity in 
applications, this period can easily be shifted 
beyond the lifetime required by the user. 


FIGURE 1 — THE BATHTUB CURVE 
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Both the infant mortality and random failure 
rate regions can be described through the same 
types of calculations. During this time the prob- 
ability of having no failures to a specific point in 
time can be expressed by the equation 


Frequency 


‘ Po = e-At 

where A is the failure rate and t is time. Since 
A’ is changing rapidly during infant mortality, the 
expression does not become useful until the ran- 
dom period, where A is relatively constant. In this 
equation A is failures per unit of time. It is usually 
expressed in percent failures per thousand hours. 
Other forms include FIT (Failures In Time = 
[ %/103 hrs] x 10-4 = 10-9 failures per hour) 
and MTTF (Mean Time To Failure) or MTBF 
(Mean Time Between Failures), both being equal 
to 1/A and having units of hours. 

Since reliability evaluations usually involve 
only samples of an entire population of devices, 
the concepts of the Central Limit Theorem apply 
and A is calculated using the x2 distribution 
through the equation: 


2 x2 (, 2r + 2) 
2nt 


100-CL 
100 


r 


where &@ = 


CL = Confidence Limit in percent 
r = Number of rejects 

n = Number of devices 

t = Duration of test 


The confidence limit is the degree of con- 
servatism desired in the calculation. The Central 
Limit Theorem states that the values of any 
sample of units out of a large population will 
produce a normal distribution. A 50% confidence 
limit is termed the best estimate and is the mean 
of this distribution. A 90% confidence limit is a 
very conservative value and results in a higher 
A which represents the point at which 90% of 
the area of the distribution is to the left of that 
value (Figure 2). The term (2r + 2) is called the 
degrees of freedom and is an expression of the 
number of rejects in a form suitable to x2 tables. 


FIGURE 2 — CONFIDENCE LIMITS AND THE 
DISTRIBUTION OF SAMPLE FAILURE RATES 
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The number of rejects is a critical factor since the. 
definition of rejects often differs between manu- 
facturers. While Motorola uses data sheet limits 
to determine failures, sometimes rejects are count- 
ed only if they are catastrophic. Due to the 
increasing chance of a test not being represen- 
tative of the entire population as sample size and 
test time are decreased, the x2 calculation pro- 
duces surprisingly high values of A for short test 
durations even though the true long term failure 
rate may be quite low. For this reason relatively 
large amounts of data must be gathered to demon- 
strate the real long term failure rate. Since this 


would require years of testing on thousands of 


devices, methods of accelerated testing have 
been developed. | 

Years of semiconductor device testing has 
shown that temperature will accelerate failures 
and that this behavior fits the form of the 
Arrhenius equation: 


R (t) = Rg (t)e-O/KT 


where R (t) = Reaction rate as a function of time 
and temperature 
Ro =Aconstant 


t = Time 

8 = Activation energy in electon volts 
k = Boltzman’s constant 

T = Temperature in degrees Kelvin 


To provide time-temperature equivalents this 


equation is applied to failure rate calculations 
in the form 


t = to e0/kT 
where 
t = time 
tg = A constant 


The Arrhenius equation essentially states that 
reaction rate increases exponentially with temper- 
ature. This produces a straight line when plotted 
on log-linear paper with a slope expressed by @. 
@ may be physically interpreted as the energy 
threshold of a particular reaction or failure mech- 
anism. The activation energy exhibited by MOS 
integrated circuits varies from about 0.7 eV for 
serious contamination problems to about 1.3 eV. 
Although the relationships do not prohibit devices 
from having poor failure rates and high activation 
energies, good performance usually does imply 
a high 6. Studies by Bell Telephone Laboratories 
have indicated that an overall @ for semiconductors 
is 1.0 eV. This value has been accepted by the 
Rome Air Development Command for time- 
temperature acceleration in powered burn-in as 
specified in Method 1015.1 of MIL-STD-883A. 
Data taken by Motorola on MOS devices has 
verified this number and it is therefore applied 
as our standard time-temperature regression for 
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extrapolation of high temperature failure rates to 
temperatures at which the devices will be used 
(Figure 3). 

To accomplish this, the time in device hours 
(t1) and temperature (T1) of the test are plotted 
as point P1. A vertical line is drawn at the tem- 
perature of interest (T2) anda line with a 1.0 eV 
slope is drawn through point P1. Its intersection 
with the vertical line defines point P2, and deter- 
mines the number of equivalent device hours (t2). 
This number may then be used with the x2 formula 
to determine the failure rate at the temperature 
of interest. Assuming T1 of 125°C at t1 of 
10,000 hours, a t2 of 7.8 million hours results 


‘at a T2 of 50°C. If one reject results in the 


10,000 device hours of testing at 125°C, the 


- failure rate at that temperature will be 20%/1000 


hours using a 60% confidence level. One reject 
at the equivalent 7.8 million device hours at 50°C 
will. result in a 0.026%/1000 hour failure rate, 
as illustrated in Figure 4. 

Three parameters determine the failure rate 
quoted by the manufacturer: the failure rate at 
the test temperature, the activation energy ern- 
ployed, and the difference between the test 
temperature and the temperature of the quoted 
A. A term often used in this manipulation is the 
“acceleration factor’ which is simply the equiva- 
lent device hours at the lower temperature divided 
by the actual test device hours. 


Wearout 


Every device will eventually fail, but with 
reasonable care in design and application the wear- 
out phase can be extended far beyond the lifetime 
required. During wearout, as in infant mortality, 
the failure rate is changing rapidly and therefore 
loses its value. The parameter used to describe 
performance in this area is “Median Life’’ and is 
the point at which 50% of the devices have failed. 
There are currently only two significant wearout 
mechanisms: electromigration of circuit metalli- 
zation and electrolytic corrosion in plastic devices. 

Electromigration is the current induced mass 
transport of metallization due to high temperature 
and current density. It is strongly affected by the 
type of metallization as well as the grain structure 
and surface sealing. it is therefore important that 
the designer predict the maximum junction tem- 
perature of the device, the current on all space 
limited lines and the process characteristics such 
as thickness variation, grain size, and step coverage. 
With these parameters fixed, a median life goal 
can be selected and the metal width chosen ac- 
cordingly. Reasonable consideration in the design 
phase coupled with careful die inspection can 
therefore eliminate this phenomena as one of 
practical concern. 


FIGURE 3 — NORMALIZED TIME-TEMPERATURE REGRESSIONS FOR 
VARIOUS ACTIVATION ENERGY VALUES 
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For increased flexibility in working with a broad range of device hours, the time-température 
regression lines have been normalized. to 500°C and the time scale omitted, perma isting the user 
to define the scale based on his own requirements. 
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FIGURE 4 — FAILURE RATE 
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Median Life (Hours) 


A more pertinent mechanism is the electro- 
lytic corrosion of die metallization by moisture 
and applied. voltage. Although it. can occur. in 
hermetic packages which are not properly sealed, 
hermeticity testing can easily limit it to plastic 
packaging. In plastic devices there is never enough 
adhesion between the plastic and the other com- 
ponents to overcome the stresses developed due 
to differing coefficients of thermal expansion. As 
a result moisture can enter the device along the 
interface of the lead frame and the plastic, pass 
between the surface of the wire and the plastic 
and reach the surface of the die. {f contaminants 
are present in the water or in the package an 
electrolyte is created which will corrode the metal- 
lization in the presence of an electric field. The 
median life is determined by many factors such as: 

1. Matching of thermal expansion coefficients 

of the leadframe, wire, die and plastic 

2. Purity of the encapsulant 

3. Adhesion of the encapsulant 

4. Length and width of the leadframe interface 

5. Integrity of the final die passivation layer. 


Plastic package corrosion is evaluated by ex- 
posing the device to extremes of temperature and 
humidity while under bias. Through consistent 
bias configurations and control of the environ- 
ment, temperature-humidity-bias (THB) testing 
can be an invaluable indicator of performance. 
Typical test parameters are 85°C and 85% relative 
humidity. Pressure cooker test and operating tests 
under tropical conditions are also employed but 
are more difficult to repeat consistently. The 
problem with all the tests, however, is the diffi- 
culty in relating the results to. the environment 
in. which the customer will use the device. To 
accomplish this a model has been developed which 
substitutes vapor pressure for temperature in the 
Arrhenius equation. When available data points 


FIGURE 5 — VAPOR PRESSURE MODEL 
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are used to adjust the constants, the plot in Fig- 
ure 5 is the result. Based on several variations of 
THB conditions and extrapolated - performance 
from burn-in tests, this model provides a good 
estimate of performance across the range of 
temperature and humidity environments possible 
in the customers application. 


Sampling Procedures 


There are primarily three methods of measur- 
ing how well a lot of product meets the quality 
and reliability requirements of the customer: 
100% testing using a Percent Defective Allowable 
(PDA); sampling based on an Acceptance Quality 
Limit (AQL), and sampling based on a Lot Toler- 
ance Percent Defective (LTPD). Since 100% test- 
ing is time consuming and expensive, sampling 
procedures are typically employed to assure ac- 
ceptably low defect levels. 

A PDA is simply a reject percentage above 
which the fot will be rejected. Depending on how 
the PDA was derived, it may or may not be 
statistically sound, The availability of theoretically 
accurate sampling plans in the various military 
specifications has led to wide use of AQL and 
LTPD plans. Depending on lot size and sample 
size, three different probability distributions may 
be used to derive the sampling plan: the Binomial, 
the Hypergeometric and the Poisson. The assump- 
tions of a particular sample size (n) and accept- 
ance number (c) and the use of these distributions 
will generate an Operating Characteristic (OC) 
Curve as in Figure 6. The AQL is defined at the 
95% probability of lot acceptance level while the 
LTPD is defined at the 10% level. The AQL point 
describes the Producer's Risk of rejecting good 
lot (5%) while the LTPD point describes the 
Consumer's Risk of accepting bad lot (10%) given 
that the incoming product contains the percent - 
defective p. 


FIGURE 6 — OPERATING CHARACTERISTIC CURVE 
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It is important to remember that although the 
concepts of Producer’s and Consumer’s Risk are 
utilized to describe AQLs and LTPDs, both are 
merely indicators of the performance of the 
original population. Both plans are widely used 
by manufacturers and users alike. By definition, 
LTPDs employ fixed sample sizes while AQL 
plans adjust the sample size according to the lot 
size. As in the case of failure rate determination, 
the criteria established to determine rejects and 
their interpretation are key factors in determining 
the performance of lots during inspection. 


THE SOURCE OF RELIABILITY 


One of the most popular sayings about relia- 
bility is that it must be ‘built in’’, not ‘‘tested 
in’. Every. manufacturing process exhibits a 
distribution of quality and reliability. The intent 
of the saying is that this distribution must be 
controlled to assure a high mean value, a narrow 
range and a consistent shape. Through proper 
design and process control this can be accom- 
plished, thereby reducing the task of screening 
programs which attempt to eliminate the lower 
tail of the distribution. 


Design 


A close interface must be maintained between 
reliability and design. For this reason a large part 
of the reliability staff is dedicated to a day by 
day interface with the device design and modeling 
groups. Through this mutual effort new tech- 
niques are evaluated and proven before they are 
committed to production. Special test vehicles are 
generated and experiments performed to verify 
that the performance of new approaches meets or 
exceeds the standards of the product line. This 
effort is not only a beneficial application of relia- 
bility but an absolute necessity to provide the 
rapid product development demanded by the 
dynamic integrated circuit marketplace. 


Processing 


In addition to the design interface, reliability 
engineers work closely with process engineers in 
both the wafer and assembly areas. As each new 
process is developed, it is also tested to assure 
that it presents no hazards to the reliability of 
the ultimate product. This testing is an extensive 
qualification program which ‘is performed inde- 
pendently on processes, packages and designs. 


New wafer processes are qualified using process 
control patterns and prototypes of production 
devices. Each new package is tested using methods 
based on MIL-STD-883A. Assembly process 
changes are qualified by employing them in the 
construction and testing of well characterized 
products. After these primary level qualifications, 
wafer processes are generically qualified. in new 
packaging systems to assure process-package com- 
patibility. While assembly oriented qualifications 
center around the thermal-mechanical sequences 
of MIL-STD-883A, wafer process qualifications 
emphasize dynamic high temperature stress test- 
ing. (see Figures 7 and 8.) . 

After testing has proven the performance of 
the process, it is specified and documented to 
provide a baseline for process control. Beyond the 
detailed process control efforts of the process 
engineering groups, an In-Process Quality Assur- 
ance (IPOA) group exists to assure that process 
control is meeting its objectives. IPQA accom- 
plishes this through surveillance of both the wafer 
and assembly areas (see Figure 9). There are two 
major inspection points in the wafer processing 
areas: CV Plotting and Final Visual. Samples from 
each wafer lot are stringently tested for voltage 
shift and inspected for gold backing and visual 
defects. The three major inspection points in the 
Assembly Area are Die High Power, Die Bond- 
Wire Bond and Pre-Cap. 


FIGURE 7 — PACKAGE EVALUATION 
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All of these inspection points are known as 
“Gate Inspections’ and are performed on lots of 
material. Wafers are grouped into lots which 
generally consist of thirty to fifty wafers while 
individual devices are grouped into assembly 
orders. consisting of 500 to 2000 devices. Each 
lot or assembly order is submitted to In-Process 
Quality Assurance Gate inspection. If accepted, 
they are passed to the next operation, while 
failed material is returned to Production for 100% 
screening. Only the wafers or devices that meet 
all established standards are accepted for con- 
tinued processing. , 

“Monitor” inspections are performed in the 
assembly area on.each individual machine and 
operator, The monitors are designed to control 
the operation, and provide feedback of quality 


problems to the responsible production super- 
vision. Periodic line audits are used to check for: 
Documented procedures on each operation 
Proper usage of specifications 

Up-to-date calibration of equipment 
Proper settings on equipment 
Housekeeping 

Safety precautions. 


UO he 


Comprehensive training programs are provided 
for all domestic and off-shore personnel, new 
plant start-ups, changes in specifications, or pro- 
cess changes. The primary objective is to evaluate 
the material in process and assure that MOS prod- 
ucts meet the levels of reliability and quality 
which are consistent with the requirements of 
our customers. 


FIGURE 8 — INITIAL EVALUATION OF NEW PRODUCT 
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FIGURE 9 — IN-PROCESS QUALITY ASSURANCE FLOW CHART 
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SCREENING ~ 
During the past thirty years that semicon- Other tests available as adders include stabilization 
ductor products have existed, a wide variety of bake and centrifuge. Stabilization bake originated 
screening techniques have evolved to eliminate with Mesa transistors which had exposed junctions. 
the lower tail of the process distribution discussed The high temperature bake had a significant effect 
previously. These techniques may be categorized on stabilizing the junction leakage and low cur- 
in two ways, as illustrated by the two axes of the rent beta. Since integrated circuits have no ex- 
matrix in Figure 10. The performing agency posed junctions, Motorola has found no benefit in 
varies depending on the type and purpose of the stabilization bake. The intent of centrifuge is to 
test. Most screens utilized by the industry today exert a force on the wire bonds which would 
are based on MIL-STD-883A and are employed detect latent failures. Calculations have shown 
by Motorola in the various categories of Figure 10. that even at 30,000 Gs, a higher than normal 
Several! 100% visual screens are performed military requirement, the force on a wire is in the 
during assembly using both stereozoom and metal- order of 100 mg. This is insignificant compared 
urgical microscopes. Subsequent sampling is per- to a wire pull average of at least 7000 mg. Since 
formed by In-Process Quality Assurance as de- each wire bonder is sampled continuously to pro- 
scribed above. Assembly mechanical tests for vide constant control, centrifuge becomes a 
hermetic product consist of: needless screen. Occasionally die bonds can fail in 
1. Gross leak sampling acentrifuge test, but Motorola controls this factor 
2. Temperature cycling by employing stringent fillet and wetting criteria 
3. Krypton-85 fine leak testing. ~ ina 100% visual screen enforced by In-Process OA. 


FIGURE 10 — TESTING CATEGORIES 
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Many vendors offer exterisive screening pro- 
grams as an adder. Although some features defi- 
nitely improve reliability, many are far from cost 
effective. As in the case of stabilization bake 
and centrifuge for hermetics, many unnecessary 
screens are applied to: plastic product. Stabiliza- 
tion bake is often touted as a screening procedure 
for plastics, but this is usually the standard cure 
cycle through which every plastic device is pro- 
cessed. Temperature cycling and thermal shock 
are tests commonly employed to test for latent 
wire bond failures.. This was a significant problem 
when the industry was using aluminum wire on 
various silicone compounds, and continues to be 
for those vendors who have not properly balanced 
the thermal expansion coefficients of the package 
components. Motorola, like many of the large 
suppliers, has spent years of research and testing 
in optimizing its epoxy Novolac plastic package 
to the extent that temperature intermittence has 
been virtually eliminated. In addition, recent 


work by Fitch* has shown that repeated tem- 
perature excursions over the military temperature 
range definitely degrade the THB life of plas- 
tic product. 

At the end of the assembly process, production 
final test screens the product with a comprehen- 
sive series of dc, functional, and speed oriented 
electrical tests. These tests are normally more 
stringent than data sheet requirements and are 
sampled by Outgoing Quality Assurance. Outgoing 
QA establishes controls on the equipment, pro- 
cedures and test programs. Through the use of 
such monitoring and standard correlation units, 
this In-Line Quality System (Figure 11) certifies 
that each unit has been screened to program limits 
such that all.specifications are met or exceeded. 
Complementing the In-Line systems is a statistical 
sampling program based on MIL-STD-883A, Meth- 
od 5005.2. This Group A inspection to Class B 
levels is detailed in Figure 12. 


FIGURE 11 — MOS OUTGOING QUALITY ASSURANCE 
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Encapsulated TTL Gates; RLC #1239 Motorola — 
Integrated Circuit Reliability Report, Revised 
February 1975. 


*Fitch, William and Carpenter, Marvin: The Effect 
of Thermal Shock and High Temperature Storage 
on the Temperature Humidity Bias Life of Plastic 
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FIGURE 12 — GROUP A ELECTRICAL TESTS? 
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Subgroup 7 
Functional tests at 25°C 


Subgroup 8 
Functional tests at maximum and minimum rated operating 
temperatures 


Subgroup 9 

Switching tests at 25°C 
Subgroup 10 

Switching tests at maximum rated operating temperature 
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The specific parameters to be included for tests in each subgroup shall be as specified in the applicable procurement 
document. Where no parameters have been identified in a particular subgroup or test within a subgroup, no 
Group A testing is required for that subgroup or test to satisfy Group A requirements. 






2A single sample may be used for all subgroup testing. 


‘numbers of components require greater com- 
ponent reliability. Infant mortality should be esti- 
mated and used to calculate service costs. This 
data should be balanced against the cost of a 
functional burn-in and possibly a board or system 
burn-in. Long term reliability goals should be 
established for the system and used to calculate 
the necessary long term failure rate for the com- 
ponents. Long term failure rates cannot be effec- 
tively improved by- short burn-ins unless they 
include infant mortality failures. (Infant mortality 
is included in Motorola’s data.) Infant mortality 
can be effectively screened by short term acceler- 
ated stress testing such as a 24 to 48 hour high 
temperature functional burn-in. The concepts 
defined earlier can be used to relate the burn-in to 
equivalent system hours. Often, customers who 
are experiencing problems. fail to distinquish 
between infant mortality, long term reliability 
. and wearout, It is imperative that failure patterns 
be sufficiently investigated and recorded to accom- 
plish this. Buying a Hi Rel device will not solve a 


In addition to these two programs, all MOS 
product lines are monitored continuously via an 
MOS. Ongoing Reliability Evaluation (MORE) 
Program for mechanical, environmental and oper- 
ating life performance. This program evaluates the 
most recently manufactured product on a sched- 
uled basis with methods derived from MIL-STD- 
883A (see Figure 13). MORE provides current 
generic data for process control feedback and, 
just as important, a ‘‘no charge” assurance of com- 
pliance to military quality standards for all 
MOS products. 

When necessary, production burn-in is per- 
formed on particular device types. Burn-in pro- 
cedures are always available at competitive ad- 
ders. Qualification testing by Reliability Engin- 
eering has been described, and Motorola’s relia- 
bility data is presented in the following section. 


SYSTEM IMPLEMENTATION 
Assessing System Requirements 


The reliability needs of each system and appli- problem caused by poor handling or an unforseen 
cation. differ significantly, so the various aspects overstress in. the application. 
of component performance must be analyzed The system environment should be given care- 
separately. The two parameters which should be ful consideration when choosing between plastic 
addressed initially are infant mortality and long and hermetic .packages. Sustained high. temper- 
term random failure rate. Systems with large ature and humidity will accelerate the corrosion 
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wearout mechanism in plastic according to the 
model in Figure 5. Office environments, however, 
will rarely produce a detectable difference in 
plastic and hermetic packages. Since the die and 
wire bonding systems are totally encapsulated in 
plastic, these packages can often outperform her- 
metics for both thermal conductivity, and mech- 
anical shock and vibration resistance. The potential 
for moisture condensation should be evaluated in 
light of the lead material and finish, whether the 
package is hermetic or plastic. Unusually moist or 
contaminated atmospheres can rapidly corrode 
ferrous metals under bias, regardiess of the finish 
material. 

Cost effectiveness is also influenced by the 
number of defective units received by the cus- 
tomer. For various reasons, a small percentage of 
product is defective as received. This may be due 
to handling, correlation, shipping damage or a 
host of minor difficulties. The percentage of these 
defects should be less than one percent and any 
significant levels should be discussed with the 
vendor immediately. 


Comparing Competitors’ Data 
Every. manufacturer has a slightly different 
method of generating his reliability data. !t is 
therefore difficult for a user inexperienced in 
reliability calculations to make a valid comparison. 
Toward this end the concepts introduced earlier 
will be of great value. The following list should be 
verified before any conclusions of vendor superi- 
ority are drawn. 
1. Confidence limit 
2. Reject criteria (degradation, data sheet, 
functional, catastrophic, specific mech- 
anisms) . 
Temperature of test 
Activation energy 
5. Distortion of failure rate due to alow 
number of device hours 
6. Biasing configuration 
7. Test monitoring (system failures can pro- 
duce impressive results due to less stringent 
stress being applied to the device). 


nagead 


Only if all these factors are considered can a truly 
objective comparison be made. 


FIGURE 13A — PRODUCTION LINE PROCESS EVALUATION 
(Independent of package unless otherwise noted) 
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operating temperature. (Go/No go) 


Subgroup A3 

Electrical Switching Critical switching parameters per detail device specification at 25°C + 5°C. (Go/No go) 
Subgroup A4 

Electrical Continuity Plastic package only; all pins at 125°C. (Go/No go) 
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1000 hours at maximum rated storage temperature. 
Functional and dc at 25°C + 5°C; read and record at 168 hours, 500 hours, 1000 hours, 


and each 1000 hours until termination. 


Subgroup C2 
Operating Life or 
Steady State Bias 


End Points: Electrical 


1000 hours minimum at maximum rated operating temperature. Conditions specified per 
device type in 12MRBO6389A. 


Functional and dc at 25°C + 5°C; read and record at 168 hours, 500 hours, 1000 hours, 


and each 1000 hours until! termination. 


Subgroup C3 
Accelerated Steady State Life 
only). 


End Points: Electrical 
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48 hours minimum at 200°C static. Burn-in circuit per 12MRBOG6389A (CMOS ceramic 





Functional and dc parameters at 25°C + 5°C. Read and record. 





FIGURE 13B — HERMETIC PACKAGE EVALUATION 





Test 


Method 


MIL-STD-883A Condition or Procedure “4 





Subgroup B1 
Solderability 





Subgroup B2 
Lead Fatigue 
Subgroup B3 
Seal 
a. Fine 
b. Gross 
Subgroup B4 
. Physical Dimensions 
Subgroup BS 
Marking Permanency 








Subgroup B6 
Bond Strength 


Subgroup Ci 
Thermal Shock 
Temperature Cycle 


End Points: 
Seal 
a. Fine 
b. Gross — 
Continuity 
Visual 


Subgroup C2 
Mechanical Shock 


Vibration, Variable Frequency 


Constant Acceleration 


End Points: 
Seal 
a. Fine 
b. Gross 
Continuity 
Visual 





Temperature = 260°C maximum. Omit Aging. 


Condition B2 





Condition B 
Condition C2. Omit vacuum of Step 2. 





Per case outline drawing 





Resistance to solvent 





Test Condition D 





Condition B (15 cycles) 
Condition C (30 cycles) 


Condition B 

Condition C2. Omit vacuum of Step 2. 
All pins at 25°C + 5°C 

Any crack at 10X magnification 


Condition B (Y1 axis only) 
Condition A (Y axis only) 
Condition E (Y1 axis onty) 


Condition B 

Condition C2. Omit vacuum of Step 2. 
All pins at 25°C + 5°C 

Any crack at 10X magnification 





Subgroup C3 
Salt Atmosphere 1009.1 Condition A 


ec 
Subgroup B1 
Solderability 2003.1 
Subgroup B2 
Lead Fatigue 2004.1 


Subgroup B4 
Physical Dimensions 


FIGURE 13C — PLASTIC PACKAGE EVALUATION 


MIL-STD-883A Condition or Procedure 





Temperature = 260°C + 10°C. Omit Aging. 





Condition B2 


2016 Per case outline drawing 





Subgroup B5 
Marking Permanency 


Subgroup C1 
Thermal Shock 
Temperature Cycle 


End Points: 
Continuity 
Visual 


2015 Resistance to solvent 


Condition A (15 cycles): 
Condition A (15 cycles) 


All pins at 125°C 45°C 
Any crack at 10X magnification 





Subgroup C2 
Mechanical Shock 


Vibration, Variable Frequency 
Constant Acceleration 


End Points: 
Continuity 
Visual 


End Points: 


DC and Functional 





Continuity 


Condition B (Y1. axis only) 
Condition A (Y axis only) 
Condition E (¥1 axis only) 


All pins at 125°C + 5°C 
Any crack at 10X magnification 


Subgroup. C3 ; : : ; 
Salt Atmosphere 1009.1 Condition A 


Subgroup C4 — / 
Temperature/Humidity/Bias 


85° C/85% RH/10 V 


25° C Go/No go. Read and record rejects at 168 hours, 500 hours, 1000 
hours, 1250 hours, 1500 hours. 
All pins at 125°C 
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FIGURE 14 — MEMORY FAILURE RATE 
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Motorola Data 


Motorola MOS failure rates are generated. by 
dynamic high temperature stress testing at the 
maximum ratings of the device, or higher. A 60% 
confidence level is employed in the standard 
x2 calculation and the Arrhenius model, with a 
1.0 eV activation energy, is used to extrapolate the 
data to typical operating temperatures. 1.0 eV was 
chosen based on the work done at Bell Tele- 
phone Laboratories, its acceptance by the Rome 
Air Development Command for MiL-STD-883A, 
and its consistency with our MOS data. Since 
junction temperature is the most meaningful 
parameter for reliability. data, the failure rate 
curves are constructed from extrapolations to 
80°Cand 50°C Ty (see Figure 14). 

Wafer process variations are continuously mon- 
itored by classification probe and capacitance 
voltage testing in the wafer area, and by MORE 
sampling in Outgoing Quality Assurance. In addi- 
tion to this, a system of periodic reliability tests 
is being implemented with Process Control pat- 
terns to establish the process distribution and 
track significant variations. Current tests with 
15 V static bias at 150°C for 500 hours produced 
the plots of threshold stability shown in Fig- 
ure 15. 


In an effort to investigate system reliability 
of the MCM6605AL, 32K bytes of core in a 
PDP-11-15 minicomputer were replaced with 64 
of the dynamic, N-channel, silicon gate memories. 
The memory board was then exposed to 70°C in a 
temperature-controlled environment (Ty ~ 80°C) 
with the following (worst-case) voltage conditions: 
Vpp = 11.4 V, Vcc = 4.5 V and Vpp = -4.75 V. 
The system was programmed to monitor the mem- 
ory board with a comprehensive and sensitive 
series of patterns. After more than 1300 hours of 
continuous operation there were no failures. A 
second test under more stringent refresh condi- 
tions has performed for 660 hours with no failures. 

An. ongoing improvement program has: pro- 
duced impressive results in plastic package temper- 
ature-humidity-bias performance. Based on CMOS 
testing, the Weibull plots of Figure 16 demonstrate 
this trend. There is a full two fold increase in 
median life since the data used to generate the 
vapor pressure model in Figure 5. Although it is 
not known if a parallel shift of this curve to the 
latest 85/85 results (ML = 4200 hours) is justified, 
the extrapolated performance to normal environ- 
ments is impressive. 





FIGURE 15- PROCESS CONTROL PATTERN 
THRESHOLD STABILITY TESTS 


(PC-78, From MCM6605A Wafer; Vo = 2(V1) - V2, 11 = 10 MA, 12 = 40 pA) 


Fig. 15a — Test Fixture 


PC-78 
40-Pin 
DIL 
Device 
Under 
Test 





Fig. 15b —Small Device #1 



































504 Hour Measurements, Volts 
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Initial Measurements, Volts 


6-16 


504 Hour Measurements, Volts 


504 Hour Measurements, Volts 








Fig 15c — Small Device #2 














0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 


initial Measurements, Volts 


Fig. 15d — Large Device 

















Initial Measurements, Volts 
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FIGURE 16 — PERFORMANCE HISTORY 
(TEMPERATURE HUMIDITY BIAS, WEIBULL PROBABILITY) 
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Periodically samples of competitors’ product 
bought from distributors are tested with Motorola 
methods. To date no other vendor has performed 
as well as Motorola (see Figure 17). This data was 
gathered on CMOS product, but is an excellent 
indicator of the Motorola plastic packaging system. 
Testing of LS! devices under THB conditions is 
more difficult since static bias does not stress 
internal circuitry and cannot be easily related to 
field use. On the other hand, dynamic bias at even 
low frequencies is often degraded beyond mean- 
ingful levels by board leakage due to condensation. 
Establishing valid THB models for LSI is an 
‘industry wide problem and programs are currently 
underway at Motorola to bridge the gap between 
testing and field performance. 

Proper evaluation of rejects and feedback to 
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processing can occur only through intensive failure 
analysis. To support the processing areas, product 
groups and R & QA, a Product Analysis Labor- 
atory exists. ‘‘State-of-the-art’’ analytical tools are 
at its disposal including mass spectrometry, Auger, 
electron microprobe, scanning electron micro- 
scopy (with voltage contrast strobe capability) and 
others too numerous to mention. This capability 
is complemented by computer tracking systems 
to evaluate failure patterns and distributions. A 
simplified example is illustrated in the bar chart 
of Figure 18. 

Detailed information on specific device types 
is available through individual reliability reports. 
This series also includes program plans, CMOS 
and N-Channel. generic reports and a plastic 
packaging report. 


Cumulative Percent Failure 


FIGURE 17 — VENDOR COMPARISON 


A — Temperature Humidity Bias 
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B — Other Testing 


Thermal 
1000 Hour Shock and 
Burn-In Temperature 
Vendor % Failure Cycling 


Motorola 





Processing and Handling 


No matter how good ‘the reliability data, 
screening procedures, or incoming inspection, 
devices are still subject to degradation or des- 
truction by processing and handling. All MOS 
vendors use input protection devices and most 
perform well, but there is no device which totally 
protects the circuit against all conditions. Most 
users are familiar with good static prevention 
procedures, but there are few, if any, who could 
not have prevented a small percentage of. in- 
process failures by a careful review of their 
assembly fines. Every point at which a MOS 
device is handled apart from its conductive foam 
or rail should be evaluated. Conductive work 
surfaces and: wrist straps (making contact with 
skin) should be tied to ground-through a nominal 
one megohm resistor. Test equipment should be 
checked to assure grounded sockets during inser- 
tion and the absence of voltage spikes. Printed 
circuit: board handling should be consistent with 
device handling using conductive bags or edge 
connectors. Conformal coating processes (which 
can extend the application range of plastic) or 
cleaning procedures should not be overlooked as 
possible sources of difficulty. Service personnel 
should be educated in handling procedures since 
even when service is completed successfully, val- 
uable failure information can be masked by static 
damage. With reasonable effort very little static 
damage can be expected, but considering the 
higher cost of LSI, a review is always worthwhile. 








FIGURE 18 — FAILURE CAUSE 


Category 


Gate Rupture 

Electrical Overstress 

No Defect Uncovered 
Wire and Die Bonds 
Current Leakage 

Wafer Processing Defect 


» Test Correlations 


Improper board cleaning procedures can often 
degrade plastic product performance. High purity 
flourocarbon systems are preferred to water based 
systems which can more easily introduce contam- 
inants,. particularly in the presence of wetting 
agents. Cooling the device during the clean or 
pressurized systems can also enhance the entrance 
of moisture and contaminants into the package 
along the lead-plastic interface. Even if contam- 
inants are not present, a thorough. bake should 
be performed to prevent premature introduction 
of an electrolyte. 
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CONCLUSION 


This discussion has attempted to educate the 
user with the pertinent concepts of reliability, 
quality assurance, vendor selection and product 
use. Motorola’s reputation for reliability and 
customer support has been established by the 
philosophy of its leadership and is being per- 
petuated through the efforts of MOS Reliability 
and Quality Assurance. Customer assistance is 
always available through sales offices, marketing 
or R & QA personnel directly. 
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INTRODUCTION 


Probably nowhere else has semiconductor technology achieved greater complexities 
and higher circuit densities in practical, real-world products than in today’s advanced 
NMOS memories. These devices permit greater memory capacity per unit volume and 
lower costs per bit than imaginable only a few years ago. . 

However, these memory !IC’s do not function alone. As an approximate rule of thumb, 
for each three memory packages in a typical system, one package of support interface cir- 
cuitry is required. Some memory !C’s require only low-voltage address and control line 
drivers and higher-voltage clock drivers. Other types require a sense amplifier in addition 
to the drivers. . 

The address and clock drivers are necessary since the inputs to MOS memories appear 
as highly capacitive loads and substantial peak currents are required to charge or discharge 
this capacitance rapidly. These currents are generally in excess of that available from 
standard logic gates. 

The output from these MOS memories is generally a low level pulse which requires am- 
plification and buffering to make it compatible with logic systems. The sense amplifier 
can be constructed of MOS devices and placed on the chip with the memory cells or left 
to the system engineer to provide bipolar interface circuitry, as is generally the case in the 
older generation memories or the new higher-speed types. 

Motorola continuously studies the advancing memory field, along with new technol- 
ogies and architectures, to define new drivers and sense amplifiers to meet the coming 
needs of memory systems. — 
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QUAD NMOS ADDRESS LINE DRIVER 





MC3459 


Specifications and Applications 
Information 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


@ Fast Propagation Delay Time — 
20 ns Typical with 360 pF Load © 
© Output Voltages Compatible with NMOS Memories 
© Inputs Compatible in MTTL and MDTL Logic Families 
® Qutput Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


QUTPUT 
INPUTS O 








QUAD NMOS ADDRESS 


LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Input 
1A 


Input 
2A 


Output 
A 
Input 
1B 


Input 
2B 





Output 
8B 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


TYPICAL OPERATION 
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MC3459 (continued) 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


Power Dissipation (Package Limitation 
Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 
Plastic Package @ Ty = 25°C 
Derate above Tp = 25°C 


Ceramic Package @ Tc = 25°C 


Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


14 
Operating Ambient Temperature Range 
Ty 


Junction Temperature 
Ceramic Package 175 
Plastic Package 150 


°C 
Storage Temperature Range -65 to +150 





ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V < Vcc < 5.25 V and 0 < Ta < 70°C) 


Symbol_[ Min [ Typit) 
input Voltage — High Logic State 


Input Voltage — Low Logic State 


input Current — High Logic State 
(Vcc = 5.25 V, Vin = 2.4 V) 
(Voc = 5.28 V, Vip = 5.5 V) 


input Current — Low Logic State 
Input Clamp Voltage 
(lig = -12 mA) 


Output Voltage — High Logic State 
(Voc = 4.75 V, Vit = 0.8 V, 1H = -640 HA) 
(Voc = 4.75 V, Vit = 0.8 V, toy = -2.0 mA) 
Output Clamp Voltage | 
(Voc = 5.25 Vi Vit = OV, loc = 5.0 mA) 
Output Voltage — Low Logic State 
(Veco = 4.75 V, Vin = 2.0 V, lop = 640 nA) 
(Voc = 4.75 V, ViH = 2.0 V, lot = 80 mA) 
Power Supply Current — Outputs High Logic State 
(Vcc = 5.25 V, Vip = OV) 
Power Supply Current — Outputs Low Logic State 
(Vcc = 5.25 V, Vip = 5.0 V) 





SWITCHING CHARACTERISTICS (Unless otherwise noted, Voc = 5.0 V, Ta = 25°C, C = 360 pF) 


Symbl 
Propagation. Delay Time — High to Low Logic State 





Propagation Delay. Time — Low to High Logic State 


(1) Typical vatues measured at Ta= 25°C, Vec = 5.0V. 
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MC3459 (continued) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 


——+| |l=— tTLH < 5.0ns —+| I trHL < 5.0ns To Scope ; To Scope 
: (Input) (Output) 











f= 1.0 MHz 
PW = 500 ns 









1/4-MC3459 
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Generator 





All four drivers 


VOH : 
tested simultaneously 





= 360 pF 
(includes probe and 
jig capacitance) 


Output 


VoL 


TYPICAL PREFORMANCE CURVES 


FIGURE 2 — POWER CONSUMPTION versus FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
OPERATING FREQUENCY versus OUTPUT CURRENT 
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Vec = 5.0V 
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Pc, POWER CONSUMPTION (mW) 
{TOTAL OF FOUR DRIVERS) 





























VoH, OUTPUT VOLTAGE — HIGH LOSIC STATE (VOLTS) 


0 1.0 2.0 3.0 40 0 50 100 150 200 250 300 350 400 450 500 
: f, FREQUENCY (MHz) toH, OUTPUT CURRENT ~— HIGH LOGIC STATE (mA) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT FIGURE 5 — OUTPUT VOLTAGE — LOWLOGIC STATE 


(Expanded Scale) versus OUTPUT CURRENT 
400 aT 
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VOL, OUTPUT VOLTAGE — LOW LOGIC STATE (mV) 


0 20 #40 60 80 0 12 14 #«2=16 «18 ~° 20 
19H, OUTPUT CURRENT — HIGH LOGIC STATE (mA) lot, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


VoH, QUTPUT VOLTAGE — HIGH LOTIC STATE (VOLTS) 
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MC3459 (continued) 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 

_some of the inputs such as Address lines have to be 
common, the total parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc and ground. 

In order to minimize the effects of these currents, the 
following fayout rules should be followed: 

1. The Vcc supply pin of each package should be by- 

passed with a low inductance 0.01 uF capacitor. The 
0.01 uF capacitor will sustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 

node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in- 
creasing its width. At least a 50 mi! ground width is 
recommended. 

Some of the NMOS memories with TTL logic com- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Vj}4). There 
are N-Channel MOS memories with a Vjq minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a Vi} 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the Vcc voltage. There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical VoH versus IQ} characteristics 
for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6 — TYPICAL APPLICATION 
16K X N Memory System Employing 
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4N MCM6605 RAMS 






MC3460 
MC3466 





Specifications and Applications 
Information 


QUAD NMOS MEMORY CLOCK DRIVERS 
WITH REFRESH SELECT LOGIC 


The MC3460 and MC3466 are quad drivers for use with high-level 
clock fines in NMOS. RAM systems. The MC3460 version is specified 
for 4K memory applications with a Vpp1 power supply voltages to 
+13 V. The MC3466 version is specified for mating with the 
MCM7001A 1K:RAM and is guaranteed with a supply voltage Vpp1 
to 18 V. Both versions may be used with the Vpp2 pin connected 
to a separate supply > Vpp7 to increase the high logic state output 
voltage. 

The channel. control logic. is organized so that all four drivers 
may be deactivated for STANDBY operation, or single driver may 
be activated for READ/WRITE operation or all four drivers may be 
activated for REFRESH operation. 


® Control Logic Optimized for Use in MOS RAM Systems 
@ High Speed Switching 
® VpD1 and Vpp2 Variable Over Wide Range of Voltage to 
18 and 22 V Respectively (MC3466) 
Output Voltages Compatible with Many Popular MOS RAMs 
MTTL and MDTL Compatible Inputs 


TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL 
SYSTEM (See Figure 17 for Details) 


MC3459 mc34s9 | | mc3459 
Address Address Address 
Driver Driver Oriver 


TYPICAL APPLICATION WITH MCM7001 1K RAM 
AND TTL SYSTEMS (See Figures 22, 23 for Details) 


MC3459 MC3459 MC3453 
Address Address Address 
Driver Driver Driver 


MCM7001 MC3461 MC10125 
ix nMOS| | Sense | |MECLtoTT 

RAMS Amplifier Translator 
= a ee 


[ Mcsas6 1 
O Chip Select 
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MOS CLOCK DRIVERS 





GATE CONTROLLED 
FOUR CHANNEL 
MOS CLOCK DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 





P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Channel 
Select A 3 


Refresh 

Select 
Channel 
Select B 


H = High Logic State 
L = Low Logic State 
t = Irrelevant 


Channe! 
Select D 


11] Channel 
Select C 













MC3460,MC3466 (continued) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Power Supply Voltages 


Power Duniseton (Package Limitation) 


Ceramic Package @ Tp, = 25°C 
Derate above Tq = 25°C 


Plastic Package @ Tp = 25°C 
Derate above Ta = 25°C 
Ceramic Package @ Tc = 25°C 
Derate above T¢ = 25°C 
Plastic Package @ Tc = 25°C 

Derate above Tc = 25°C 


Operating Ambient Temperature Range a | te vot oe 
Storage Temperature Range -65 to +150 
Ty re 


Junction Temperature 
Ceramic Package 
Plastic Package 





RECOMMENDED OPERATING CONDITIONS 


Power Supply Voitages 





Note 1: Not to Exceed Maximum Recommended Operating Voltages 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at Ta = 25°C) 


fs mcaago | cae 
ee ee eee 


Output Voltage — High Logic State. VOH1 


(Vpp2 = Voo1t 3.0V, Vit = 0.8 V) 
VoH2 
Vop1- 
1.0 


10H = -2.0mA 
Output Voltage — Low Logic State VoL1 
(Vin = 2.0V, lop = +10 mA) 


Output Voltage — Low Logic State VoL2 
“(ViH = 2.0 V, lo = 40 mA) 
11V <Vpp2< 17 V 
11V < Vpp2 < 22V 




















a 
cel [ 


10H = -40mA 





Output Voltage — High Logic State 
(Vpp02 = Vop1. Vit = 0.8 V) 
(See Applications Section of Data Sheet) 

1OH = -100 nA 
lon = -40 mA 





0.35 








MC3460,MC3466 (continued) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and 
temperature ranges. Typical values measured at Ta = 25°C) 


Input Current — High Logic State 
(Vv; = 5.0V) 
Channel Select tnputs 
Refresh Select and Enable !nputs 


tnput Current — Low Logic State 
(Vi_ = 04 V) 


Channel Select tnputs 
Refresh Select and Enable Inputs 
Power Supply Current — Output — High Logic State ICCH 
(Voc = 5.25 V, Vit = OV, lox = OMA, Ipp1HP 
MC3460 Vpp1 = 13 V, Vpp2= 17 V, IDDIHN 
MC3466 Vpp1 = 18 V, Vpp2 = 22 V) IpD2H 


Power Supply Current — Output — Low Logic State 
(Voc = +5.25, Vip = 5.0 V, loL = OmA, 
MC3460 Vpp1 = 13 V, Vpop2= 17V, 
MC3466 Vpp1 = 18 V, Vpp2 = 22 V) 


Power Supply Current — Output — High Logic State 
(Vcc = +5.25 V, ViL = OV, IoH = OMA, 
MC3460 Vop1 = Vpop2 = 13 V, 
MC3466 Vpp1 = Vop2 = 18 V) 





SWITCHING CHARACTERISTICS (T, = 25°C, Vcc = 5.0 V; MC3460: Vpp1 = Vop2 = 12 V, CL = 480 pF; 
MC3466 : Vpp1 = Vpb2 = 17 V, Vop = 15 V, Cy = 480 pF) 


Propagation Delay Time — READ/WRITE Mode 
Output High to Low Level 
Output Low to High Level 

Transition Time — READ/WRITE Mode 
Output High to Low Level 
Output Low to High Level 


Propagation Delay Time — REFRESH Mode 
Output High to Low Level 
Output Low to High Level 

Transition Time — REFRESH Mode 
Output High to Low Level 
Output Low to High Level 








MC3460,MC3466 (continued) 


FIGURE 3 — SWITCHING TEST CIRCUIT FOR 


Pulse Generator 


FIGURE 1 — SWITCHING TEST WAVEFORMS — MC3460 






tTHL < 5.0 ns 
3.0V 


tTLH < 5.0 ns 


Input 


Ov 


tOLH 


Vou 
Vop1 -2.0 V 


Output 


VOL 


Input Pulse Characteristics 
PRR = 1 MHz READ/WRITE Mode 
PRR = 100 kHz REFRESH Mode 
PW = 500 ns 
trLH = tTHL < 5.0 ns 


I 


FIGURE 2 — SWITCHING TEST WAVEFORMS — MC3466 









trHL S 5.0 ns tTLH S 5.0 ns 
3.0 
Input 
ov 
toOLH tO HL 
VOH 
° Vop-2.0 Vv(13 V) Vop-2-0 V (13 Vv) 
Output 





tT LH tTHL 


Input Pulse Characteristics 
PRR = 1 MHz, READ/WRITE Mode 


PW = 500 ns 
tTUH = tTHL < 5.0. ns 


. FIGURE 4 — SWITCHING TEST CIRCUIT FOR 


READ/WRITE MODE — MC3460 REFRESH MODE — MC3460 ... 
To Scope To Scope To Scope To Scope 
(Input) {Output} (Input) : : (Output) 








Enable 1 





~ Enable 1 
—O 


Enable 2 Enable 2 





Pulse Generator 





Channel Select 


Cy, Includes Jig and +2.4V 


: CL Inctudes Jig and 
Probe Capacitance 


Probe Capacitance 
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MC3460,MC3466 (continued) 


FIGURE 5 — SWITCHING TEST CIRCUIT FOR 
READ/WRITE MODE — MC3466 









To Scope To Scope 
(input) (Output) 
Enable 1 1N914 
O— or 
Enable 2 Equivalent 





Cy, Includes Jig and 
Probe Capacitance 


FIGURE 6 — REPRESENTATIVE CIRCUIT SCHEMATIC 


(1/4 of Circuit Shown) 














To Other Drivers 


Qo 
3 
9° 
c 
3 
a 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 — DELAY TIMES versus LOAD CAPACITANCE 
(READ/WRITE MODE) 








Vop1 


Output 


FIGURE 8 — TRANSITION TIMES versus LOAD CAPACITANCE 


(READ/WRITE MODE) 











ty, DELAY TIME (ns)- - 


Vcc =t5V 
Voo1=Vpp2=+12V 

Ta = 259°C, f = 1 MHz 

P.W.= 500 ns 

See Figure 3 


tT, TRANSITION TIME (ns) 














C_, LOAD CAPACITANCE (pF) 





200 2=S|~St«C00 400 500 o 700 


Vec=+5V 7 
Voo1= Vpp2=+12V 
Ta = 259C, f= 1 MHz 
PW. = 500 ns 
See Figure 3 
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CL, LOAD CAPACITANCE (pF) 


MC3460, MC3466 (continued) 


TYPICAL PERFORMANCE CURVES 































































FIGURE 9 — DELAY TIMES versus LOAD CAPACITANCE FIGURE 10 ~ TRANSITION TIMES versus LOAD CAPACITANCE 
(REFRESH MODE) (REFRESH MODE) 
24 24 
i ae ee ae es a 
oe a a ee or ae ea ae 
et oa 
= 
a coo a pel an 
os (ee ae ee ee Sl ee ; 
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i a a : ri fs 
: x ee Figure 
| coe el ae i ee 
0 100 200 300 400 500 0 100 200 300 400 500 
CL, LOAD CAPACITANCE PER DRIVER (pF) Ci, LOAD CAPACITANCE PER DRIVER (pF) 
FIGURE 11 — SWITCHING TIMES versus TEMPERATURE FIGURE 12 — SWITCHING TIMES versus TEMPERATURE 
(READ/WRITE MODE) (REFRESH MODE} 
22 
Vee =t5V Vec=t5V 
2 - Vv Vv 12V 
20 cee li H12V mee ag oF, i 100 kHz 
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Ta, AMBIENT TEMPERATURE (°C) _ AMBIENT Laer RE hes 


— FIGURE 14 — OUTPUT VOLTAGE — LOW LOGIC STATE 
FIGURE 13 — POWER DISSIPATION versus FREQUENCY versus OUTPUT CURRENT 
































































800 re | > 
TA= E 
Vcc=+5V ar 
= 700 Vony=+12V & 
= Vop2=+t12V 5 
= Duty Cycle = 50% ies 
600 
z= R/W Mode 3 
= 1 Channel Switching ° 
< 500 3 Channels Low Output State = 
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L7] | a 
7) | 
S 400}- w 
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& 5 Vop1= Vop2= 12V 
200 a Vin =2.0V 
= 
= : 
oO 
100 = 
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f, FREQUENCY (MHz) toL, OUTPUT CURRENT — LOW LOGIC STATE (mA) 
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MC3460, MC3466 (continued) 


TYPICAL PERFORMANCE CURVES 


FIGURE 15 — OUTPUT VOLTAGE — HIGH LOGIC OUTPUT FIGURE 16 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
STATE versus OUTPUT CURRENT versus OUTPUT CURRENT 
VoD = Vpp1 -0.25 ] 









Vop1 -0.5 





TTI 1 
AHI P's 












































































































































Vpp1 -2.0 
0.01 0.1 


19H, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 





001 0.1 1.0 10 100 
lou, QUTPUT CURRENT — HIGH LOGIC STATE (mA) 


VoH, GQUTPUT VOLTAGE — HIGH LOGIC STATE (VOLTS) 
VOH, OUTPUT VOLTAGE — HIGH LOGIC STATE (VOLTS) 





FIGURE 17 — TYPICAL 16K WORD BY 'N BIT MEMORY ARRAY 


4K Memory Chip: 
MCM6605 


TMS 4090. 
INTEL 2107A or B 













+5 V 
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CPU Memory Request 


Refresh 
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Address Al14 
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Data Out © 


Data In 
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MC3460, MC3466 (continued) 


APPLICATIONS INFORMATION 


The MC3460 and MC3466 are designed specifically for 
dynamic N-Channel MOS random access memories (RAM’s) 
that require a single high-voltage clock. The unique design 
and electrical characteristics of these clock drivers will 
enhance the performance, as well as reduce the cost, of 
dynamic MOS RAM systems. 

Dynamic N-Channel MOS RAM‘s that require a high 
voltage clock have extremely low standby power when 
the clock is in the logic ‘‘0’’ state (Gnd). To take advantage 
of this low-power mode, the memory system should be 
partitioned such that only the memory chips of a selected 
word receive a clock signal (see memory system in Fig- 
ure 17). However, to reduce the amount of time spent 
refreshing the memory system, all memory chips of the 
system should be clocked for each refresh cycle. 

The logic necessary to accomplish this desirable system 
feature has been incorporated in the clock drivers. Note 
from the block diagram and the truth table (on the front 
page of this data sheet) that the selection of a clock driver 
is dependent on the logic state of the REFRESH and 
CHANNEL SELECT inputs. Al! four drivers are selected 
when the REFRESH SELECT input (Pin 5) is at a logic 
“0” state. However, when the REFRESH SELECT input is 
at a logic ‘’1’’ state, only those drivers that have their 
respective CHANNEL SELECT inputs at a logic 0” state 
will be selected. The timing and clock driver output pulse 
width are controlled by a logic ‘0’ signal applied to one 
of the three ENABLE inputs. The other two ENABLE 
inputs allow the memory system to be expanded without 
additional address decoding. 

Figure 17 illustrates one possible clock driver con- 
figuration that can be employed to drive a 16K word 
memory system comprised of 4K dynamic MOS RAM‘s. 
The MC4007 is a one-of-four decoder that decodes the 
memory address sent from the CPU. Since the decoder 
outputs drive the clock driver SELECT inputs, only one of 
the four clock drivers will be selected. The timing and 
clock driver output pulse width can be accomplished with 
asimpte one-shot (MC8602). The O output of the MC8602 
drives an ENABLE input of the MC3460/MC3466 and the 
clock pulse width is determined by the RC component 
values. 

For a memory refresh cycle, the REFRESH SELECT 
input of the MC3460/MC3466 is switched to a logic “0” 
state which will select all of the clock drivers as noted 
earlier. On the falling edge of the REFRESH SELECT 
signal, the one-shot is fired and at the same time all four 
clock drivers are selected for the refresh cycle since the 
REFRESH SELECT signal is in the zero state (See Fig- 
ure 17). At the end of the refresh cycle, the REFRESH 
SELECT signal is switched to the logic ‘’1’’ state and the 
memory system is set to accommodate another CPU mem- 
ory request. The memory system access time will be 
enhanced with this scheme because no additional gating is 
required to accommodate the refresh cycle. 
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SYSTEM CONSIDERATIONS 


Bypass and Layout — A considerable amount of noise 
can be generated during switching due to the high speed 
and high current drive capability of these drivers. The 
high charge or discharge current spikes during transitions 
can result in a considerable amount of noise being generated 
on the ground and Vpp7 leads. These current spikes are 
primarily due to capacitive load current. However, there 
is an additional component to the total current spike 
which is due to both the upper and lower output driver 
transistors conducting for a short period of time during 
switching. This causes a low impedance path between the 
VpD1 supply and ground during part of the transition time. 

In order to minimize the effects of these surge currents, 
the following layout rules should be followed: 


1. The Vpp7 supply pin of each package should be 
bypassed with alow inductance 0.1 uF capacitor. 
The 0.1 uF capacitor will sustain the high surge 
currents required during switching. 


2. The surge current that flows out of the driver 
ground pin during switching will generate noise. 
This noise will be proportional to the ground 
impedance at the ground pin. To insure mini- 
mum ground noise, the ground path to this pin 
should be as wide as possible. At least a 50 mil to 
100 mil ground line is recommended. 


Fanout Considerations — In a memory system, the 
number of memory CHIP ENABLE inputs that can be 
driven by a single clock driver will depend on the input 
capacitance and the input leakage current required at a 
specified minimum logic ‘'1” state (VCEH). Since the 
memory CHIP ENABLE input capacitance will affect the 
clock transition times, the total parallel input capacitance 
should not exceed that value which will cause the clock 
driver transition times to be slower than those specified 
for the memory. For a majority of the 4K RAM’s, the 
chip enable input capacitance is less than 40 pF. With a 


°30 pF loading, each driver of this device can drive up to 


sixteen 4K memory chips. 


Although the input leakage current of each memory 
CHIP ENABLE is extremely small, the total leakage cur- 
rent of the CHIP ENABLE inputs when paralleled in a 
memory system can exceed the output current of the 
clock driver in the high output state (VOW). With the 
MC3460/MC3466 there are two methods that can be 
employed to increase the output current. The MC3460/ 
MC3466 has split high voltage power supplies (Vpp7 and 
VppD2) as noted in Figure 18. With Vpp1 = Vppg2. the 
maximum output current, that guarantees a minimum 
VOH of Vpp1 -1.0 Volt, is -100 uA. However, the 
output current can be greatly increased if a voltage 
greater than Vppj is applied to Vpp2. For Vpp2= Vpp1 


MC3460, MC3466 (continued) 


+3.0 Volts, IgH can be increased to -2.0 mA for a VOH 
minimum of Vop71 -1.0 Volt. For most 4K RAM’s, this 
current is sufficient to drive to 200 memory chips. 
However, if a higher voltage is not available for Vppg then 
the current can be increased by employing a pull-up 
resistor to VOp1. The following formula can be used to 
determine what value of pull-up resistor is needed to meet 
a given fanout requirement. 

< ¥0D1 - VOHImin) 


R< = (1) 


where 


IR = N(lICE) - 10H (2) 


IOH is the clock driver output current for 
VOH(min) 2 VCEH(min) 


'1CE is the memory CHIP ENABLE input leakage 
current specification. 


N is the number of CHIP ENABLE inputs to be driven 
by the clock driver. 


For the memory system given in Figure 17, assume 
that each word has 16 bits. if the MCM6605 4K RAM 
were employed, then the pull-up resistor value would be 
calculated in the following manner. 


From the MCM6605 Specifications; 
VCEH(min) = Vpp -1.0 Volt @ lice = 10 WA. 


From the MC3460 Specifications; 


For Vpp1=VDD2 the minimum Voy is 
Vppb1 - 1-0 Volt @ an IQH = 100 nA 


Since the VOH (min) required by the MCM6605 is 
Vp01 -1.0 Voit, equation (1) reduces to: 


R < VOD1 -(Vpp1 -1.0 Volt) 
IR 
or 


a 1.0 Volt 


R< (3) 
IR 


From equation. (2), since N = 16, IR = 16 (10 uA) 
-100 #A = 60 BA. Substituting in this value of IR into 
Equation (3) yields the following value for R: 


1.0 Volt 
<< “60 HA = 16.6 k 

Overshoot — The finite inductance of the memory chip 
ENABLE line can cause the clock driver to overshoot 
during switching. With fast switching clock drivers, the 
overshoot can exceed the maximum logic levels specified 
for the CHIP ENABLE input. To insure that the overshoot 
voltage does not exceed the maximum CHIP ENABLE in- 
put ratings the following two techniques can be employed: 

The simplest scheme is to place a damping resistor Rs 


in series with the clock line, (See Figure 17). The critical 
value of Rs can be calculated from the formula: 


~/ts 


where Ls is the clock line inductance and Cy is the 

load capacitance. 

For most memory systems the value of Rs will range 
from 10 ohms to 50 ohms. 

The series damping resistor will also affect the transition 
times of the damped output waveform. Thus, the maximum 
value that may be used for Rs will be determined by the 
maximum switching times specified for the CHIP ENABLE 
input. The following equation can be used to determine 
the maximum value of Rs. 


(4) 


tT (max) < 2.2 Rg Cy (5) 

In some high performance memory systems the switch- 
ing times required may be too fast to accomodate the 
addition of a damping resistor. For these systems the over- 
shoot can be limited by placing clamp diodes at the far 
end of the CHIP ENABLE line as noted in Figure 19. 
Fast recovery diodes are required to insure proper clamping 
on both the leading and trailing edges of the CLOCK pulse. 

Power Considerations — Circuit performance and long- 
term circuit reliability are affected by die temperature. 
Normally, both are improved by keeping the integrated 
circuit junction temperatures low. Electrical power dissi- 
pated in the integrated circuit is the source of heat. This 
heat source increases the temperature of the die relative 
to some reference point, normally the ambient tem- 
perature. The temperature increase depends on the amount 
of power dissipated in the circuit and on the thermal 
‘resistance between the heat source and the reference point. 
The basic formula for converting power dissipation into 
junction temperature is: 

Ty= TA + Pp (Rasc + Raca) (6) 

or 


Ty = Ta + Pp (R@JA) (7) 


where 


TJ = junction temperature 

TA = ambient temperature 

PD = power dissipation 

Rg Jc = thermal resistance, junction to case 
RéCaA = thermal resistance, case to ambient 


R@JA = thermal resistance, junction to ambient 


The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of 
operation, capacitive loading, output voltage swing, and 
duty cycle. The power dissipation as a function of 
capacitive loading and frequency can be obtained from 
Figure 13. The value found in Figure 13 should not yield 
a junction temperature, Ty, greater than Ty (max) at the 
maximum encountered ambient temperature. Ty (max) is 
specified for the integrated circuit packages in the maxi- 
mum ratings section of this data sheet. 








MC3460, MC3466 (continued) 


FIGURE 18 — SIMPLIFIED OUTPUT CONFIGURATION 


Vop1 


Vop1 





THE MC3466 IN HIGH PERFORMANCE 
‘7001 SYSTEMS 


The MC3466 is specified to meet the more stringent 
driving requirements of high speed N-channel memories 
such as the MCM7001A. Figures 20 and 21 show photo- 
graphs of oscilloscope waveforms for the MC3466 driving 
up to six MCM7001A memories. The memories were oper- 
ated with a +15 Volt supply and the MC3466 used a +17 
Volt supply tied to Vpp1 and Vppz2. Two clamp diodes 
were used at the end of the line to clamp the overshoot as 
noted previously in Figure 19. 

With this driver connection, where the Vpp1 supply is 
at a higher voltage than the memory Vpp supply, the 
VppD1 and Vpp supplies should track each other within 
the following range 3.0 V > Vppi -Vpp 2 1.5 V to 
insure the minimum output VQ level and to limit the 
amount of current the clamp diode has to. sink during the 
clock high state period. 

For the MC3466 driving two MCM7001A memories, 
Figure 20 shows the driver supplying about 250.mA peak 
current when the CHIP SELECT voltage switches from a 
“low” to “high”, with a transition time of 15 ns (1.5 V to 
13.5 V level) and a high to low transition time of only 
B ns. When driving four MCM7001A. memories, the peak 
current reaches about 400 mA with a CHIP SELECT 
rise time of 22 ns. ; 

Figure 21 shows that for a fanout of 6 memories, the 
transition time increases to 28 ns. The MC3461 (dual 
NMOS memory sense amplifier) is used to detect the data 
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FIGURE 19 — APPLICATION OF CLAMPING DIODES 
TO LIMIT OVERSHOOT 


Memory Array 


Vpp 


1N914 or 
Equivalent 


1N914 or 
Equivalent 


of the output memory and translate to MECL 10,000 


levels. The use of the MC10125 will translate the MECL 
levels to TTL levels in only 5 ns. The total delay from the 
50% level of the falling clock edge at the MC3466 input to 
the 50% point at the data output of the MC10125 is only 
62 ns when driving two memories and 67 ns for four 
memories. 

Figure 22 shows the logic diagram for building a 32K x 1 
memory board with TTL interface and MCM7001A mem- 
ories using a multiplex approach. Addresses AO to AQ 
and the Diy signals go. to all the memory devices. The 
address bits A10 and A11 are used to select 1 of 4 rows 
(WRITE ENABLE lines) when writing into the memory. 
The addresses, A12, A13, and A14 are decoded using the 
MC3466 to drive the CHIP SELECT lines. Only two 
MC3466's are required. Each driver in the MC3466 drives 
the CHIP SELECT line connected to four memories. 
During a read operation, the data from 4 of the 32 mem- 
ories are latched into the MC3461. Addresses A10 and 
A11 are used to select which one of the four memories is 
to be read on the DATA OUT line. This configuration is 
especially useful in interweaving of fast, large memory 
systems so that the data can be read out consecutively in 
one CPU cycle time. 

A 4K .x 18 memory board is shown in Figure 23 with 
TTL interface using a more straightforward approach. 
Only six MC3466’s are required to drive the CHIP SELECT 
lines. The memory can be expanded to 256K words by 
using two 1-of-8 decoders on the control board. and con- 
necting the outputs to the proper BOARD ENABLE. 


MC3460, MC3466 (continued) 


FIGURE 20 — CURRENT AND VOLTAGE CHARACTERISTICS 
FOR THE MC3460 DRIVER DRIVING 2 AND 4 
MCM7001A MEMORIES 


ENABLE 1 Input to MC3466 (5 V/Div) / 


CHIP SELECT voltage with a loading of © 
2, and 4. MCM7001A memories driven 
by an MC3466 driver. (10 V/Div.) 


DATA OUT of the MC10125 (5 V/Div 





CHIP SELECT current out of the MC3466 driver | 
{500 mA/Div.) 


ae 


(20 ns/Div.) 


FIGURE 21 — RISE TIME AND ACCESS TIME VARIATIONS 
FOR AN MC3466 DRIVER DRIVING 1,2,4, AND 6 
MCM7001A MEMORIES 


ENABLE 1 INPUT to MC3466 (5 V/Div) 


CHIP SELECT voltage with a loading of 
1,2,4 and 6, MCM7001A memories driven 
by an MC3466 driver (5 V/Div.) 


DATA OUT of the MC3461 (1 V/Div) .. 





DATA OUT of the MC10125 (2 V/Div) 





(10 ns/Div) 
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MC3460, MC3466 (continued) 


FIGURE 22 — 32K x 1 MEMORY BOARD 
(TTL INTERFACE) 
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Out OutOut Out 





Sel Sel 


Q4 Q5 Q6 Q7 


c 


1/2 MC4007 1/6 MC7404, 
6 places 


1/2 MC3461, 
4 places 










B c OD 
Sel Sel 












LATCH 


ENABLE 
1/4 MC10124 






ENABLE 
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*Note: Unused Inputs Should Be Tied To +5 V. 


FIGURE 23 — 4K x 18 MEMORY BOARD (TTL INTERFACE) 


MC3460, MC3466 (continued) 
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MCM7001A, 72 places 


Half of Array 






MOS DYNAMIC MEMORY REFRESH 


MC8505P_ 


MOS DYNAMIC MEMORY ADDRESS REFRESH 


LOGIC CIRCUITRY - BIPOLAR LSI 


The MC8505. is a high speed address refresh logic circuit designed 
for application with MOS dynamic memories. Fabricated using bi- 
polar integrated circuit technology, this device contains an internal MOS DYNAMIC MEMORY 
6-bit counter, counter reset control, and necessary multiplexing ADDRESS REFRESH 
circuitry to either propagate memory addresses from the CPU (normal LOGIC CIRCUIT 
Operating mode), or to sequentially cycle through the low order : 
input address lines of dynamic MOS memories (refresh mode). 
The MC8505 can be used for 16, 32, or 64 cycle refresh for either 
1K or 4K MOS dynamic memories by proper choice of refresh clock 
frequency and utilization of 4, 5, or 6 output memory address 
lines. High input impedance and a low propagation delay allow the 
MC8505 to be tied directly to the CPU address bus with minimal 
loading and negligible increase in total memory cycle. 


@ 16, 32, or 64 Cycle Refresh 
@ Refresh for 1K or 4K Memories 
Bus Compatible PLASTIC PACKAGE 
Address Delay Time = 60 ns typical CASE 648 
5-V Power Supply 
Counter Reset Control 


32-CYCLE REFRESH 


+S V 
LOGIC DIAGRAM 


2 
oa 
ro) 
E 
° 
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= 
na 
a 
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U 
mel 
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To Memory 


Reset = Address 
Enable 


64-CYCLE REFRESH 


- MC8505 


DI PI Di Pi di 
y &B & O 


Address from CPU 
a 


To Memory 


> 
°o 


Reset =. Address 
Enable 


Vec = Pin 16 
Gnd=Pin 8 
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MC8505P (continued) 


ABSOLUTE MAXIMUM RATINGS ; 
[CSRating ——_—SSSSCSC*d?SCSymibot_[ Value [Unt] 





DC OPERATING CONDITIONS AND CHARACTERISTICS 
(Full operating voltage and temperature range unless otherwise noted.) 


DC OPERATING CONDITIONS 


Symbol 


Logic Levels (All Inputs) 
Input High Threshold Voltage 
Input Low Threshold Voltage 


DC ELECTRICAL CHARACTERISTICS 












{Input High Current 

(Vin = 2.4 Vdc) Address inputs 
Refresh Clock 
Reset 
















{nput Low Current 
(Vin = 0) Address Inputs 
Refresh Clock 

Reset 


















Output High Voltage 
(19 = -300 nAdc) 


Output Low Voltage 
(lo = 3.2 mAdc) 


Power Dissipation 
(Ta = 25°C) 










Input Capacitance 


PIN ASSIGNMENT 





NOTES: 
1. LEADS WITHIN 0.13 mm 


{0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

- DIMENSION “L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 


5 — 
\ 


c 
ct ra | 
\ 
5 lob Aes seating * “L, m L 
PLANE 
en RE ETE [INCHES | 
[Min [MAX [MIN | MAX | 
6.10 | 6.60 | 0.240 ta 
CASE 648.03 CEL tet ert ater ny 
|b { 0.38 | 0.51] 0.015 | 0.020 | 


[F102] 1.52 { 6.040 | 0.060 | 
[| G | 254esc_ | 0.100 asc | 
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MC8505P (continued) 


AC OPERATING CONDITIONS AND CHARACTERISTICS 
(Load = 1 TTL Gate, Cy = 10 pF, Ta = 25°C) 


AC OPERATING CONDITIONS 


Reset Pulse Width 


*Minimum time for burst refresh. 





AC ELECTRICAL CHARACTERISTICS ; 


Input-Output Address Delay tap 


Refresh Address Delay 





Reset Delay 


Reset Release Delay 


TIMING DIAGRAM 


3.0 V 
Reset 
Ov 
tRR 
Address Refresh Address Refresh 
Mode Mode Mode Mode 
P 3.0 V 
Refresh 
Clock ov 
oie ee 3.0 V 
Address In 
Ov 
tRD 
sce VOH 
Address Out 
VoL 





SWITCHING TIME TEST CIRCUIT 


Pulse 
Generator = MM06150 
or Equiv. 


MM07000 
or Equiv. 


7 


High-impedance probes (> 1.0 megohm) must be used. 
Cy = 10 pF = tota! parasitic capacitance, which includes probe, wiring, and load capacitances. 
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MC8505P (continued) 


APPLICATIONS INFORMATION 


All dynamic MOS random accéss memories require a 
periodic refresh operation to insure that stored data is 
retained. A refresh operation consists of a specified number 
of write cycles (some memories require a read cycle) on 
the least significant address bits of the memory within a 
given period of time. The number of write or read cycles 
will vary depending on the memory circuit. Presently 
available dynamic MOS RAMs require either 16, 32, or 
64 write or read cycles within a 2 ms period. 

Unfortunately the periodic refresh requirement of 
dynamic MOS RAMs increases the cost and reduces the 
overall performance of a memory system. For example, 
additional logic is required to insure that the memory 
system is properly refreshed, as indicated in the memory 
system diagram of Figure 1. The MC8505 was designed to 
simplify and minimize the logic necessary to perform the 
refresh operation. 

The MC8505 contains a 6-bit binary ripple counter that 
is used to generate the 64 sequential address states re- 
quired for the 64-cycle refresh memories. Only four or 
five bits of the counter are required for those memories 
having 16 or 32-cycle refresh. 

A multiplexer is also included with the counter so that 
both the counter and the CPU address can be gated to the 


least significant address bits of the MOS RAM. The refresh 
clock (see logic diagram) determines which address the 
multiplexer gates to memory address. When the refresh 
clock is at a logic ‘0’ (Vj); the bus address inputs are 
gated to the memory address. The address of the counter is 
gated to the memory address. during a refresh cycle when 
the refresh clock input is. switched to a logic ‘1’’ (Vjy). 
After a refresh cycle is complete, the negative-going edge 
of the refresh clock increments the counter for the next 
refresh operation. 

The high input impedance feature of the MC8505 
eliminates the need for ‘high impedance buffers on the 
CPU address lines, thus reducing CPU interface circuitry. 
The high input impedance buffers are required to prevent 
loading of the CPU address bus. 

The low power (280 mW max) of the MC8505 is another 
important feature, especially for memory systems requiring 
battery backup for non-volatility. The reset input can 
also be used to save power in a standby mode. One tech- 
nique to conserve power is to remove all power from the 
memory board except to the MOS RAMs. The board is then 
powered up every 2 ms and the proper number of refresh 
cycles are performed with a high speed clock. By resetting 
the counter on power up, the most significant bit of the 


FIGURE 1— TYPICAL DYNAMIC MOS MEMORY SYSTEM BLOCK DIAGRAM 


Address 


Computer 
Bus Interface 


Circuitry 
Control <{——~]> 


Refresh 

Address 
and 

Control 
Logic 


Address. 


Dynamic MOS 
Memory 
Array 


Control 


Memory . 
Timing Control 
Logic 








MC8505P (continued) 


counter can be used to signify refresh is complete so 
power can be removed until the next refresh period. 
Figure 2 illustrates how the MC8505 is employed in 
the memory system. The least significant address’ bits of 
the CPU are connected directly to inputs AQj, through 
Adin of the MC8505. The refresh control logic generates 
the proper number of refresh enable signals within each 
2 ms period. This refresh enable signal initiates a refresh 
cycle by switching the counter of the MC8505 to the 
lower address bits of the memory. At the completion of a 
refresh cycle, the refresh signal is disabled. On the trailing 
edge of this signal, the 6-bit counter is incremented and 
the bus address is once again enabled. High speed address 


buffers are required (MC3459’s) to switch the high capaci- 
tive load that is due to paralleling the memory addresses. 

Note from the specifications on the refresh clock that 
the Icy current is 1.7 mA at Vin = 2.4 V. To accomodate 
this high input refresh clock current with standard TTL 
logic requires a pullup resistor less than 1.8 k ohms to Vcc. 
lf high speed TTL is employed, then no pullup resistor 
is required. 

The MC8505 is supplied in a 16-pin package, and 
replaces at least four MSI and SSI parts. This universal 
function can be used with all dynamic MOS memories and 
its simplicity and low cost will further enhance the cost- 
performance of dynamic MOS memory systems. 


FIGURE 2 — MEMORY SYSTEM EMPLOYING THE MC8505 


Computer Bus 4 
Address 4 


di di bi 
yb wow Ab 








A 
Al 
A 


i 
oO 


Refresh 
Controt : 
Logic 





Receivers 


MC8505 


Refresh Enable 


Refresh Cycle Complete 


Power Disable 


Address-Strobe 


Power Reset Memory 
Timing Contro! 
Logic 


TRIPLE MECL TO 


MECL 10,000 series 





NMOS TRANSLATOR 


MC10177 


Advance Information 


@ Max Load: 350 pF 
@ Pp = 1.0 W typ/pkg @ 5.0 MHz 
@ Operating Rate: 5.0 MHz typ. 
(all 3 translators in use simultaneously ) 
INPUT: MECL 10,000 (differential) 


+ 3.0 V VoHmin” 





*May be raised by increasing Vss. 


POSITIVE LOGIC 


The MC10177 consists of three MECL to MOS transla- 
tors which convert MECL 10,000 logic levels to NMOS 
levels. It is designed for use in N-channel memory systems 
as a Read/Write, Data/Address driver. }t may also be used 
as a high fanout (30) MECL to TTL translator, or in other 
applications requiring the capability to drive high capaci- 
tive loads. A separate lead from each of the three transla- 
tors is brought out of the package. These leads may be 
connected to Vsg or to an external capacitor (0.01 to 
0.05uF to ground), for waveform improvement, and short 
circuit protection. When connection is made to an external 
capacitor, Vsg line fluctuations due to transient currents 
are also reduced. 


NEGATIVE LOGIC 


Voc = Gnd = Pins 1,16 
Veg = Pin 8 = -5.2 Vdc +5% 
Vss = Pin 9 (+5.0 Vdc or +6.0 Vde + 10%) 





This is advance information and specifications are subject to change without notice. 
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9c-L 


.| Fal! Time 





ELECTRICAL CHARACTERISTICS 
Each MECL 10,000 series circuit has been 





bite ue L SUFFIX 
designed to meet the dc specifications CERAMIC RADRACE 
shown in the test table, after thermal equi- CASEIE20 


tibrium has been established. The circuit is 
in a test socket or mounted on a printed 
circuit board and transverse air flow great- 
er than 500 linear fpm is maintained. 












TEST VOLTAGE/CURRENT VALUES 
Volts mAdc +1% uF +5% 





in general test procedures are shown for 











eT 
only one input and one output. The other ieniseratiie otz|ton| o* | 
inputs and outputs are tested in a similar -30°C o[-15| 005 | : 
pa 125% [eave [reo | 7.108 [1.45 | os] 005 
vas%c_[-0.700 | 1-625 | -1.005 [ 1.440 [5 fx.0] 20 [-15 | 0.05 _| 








Pi MC 10177L Test Limits 
Une -30°C +25°C | +85°C | 
| Typ | Max | Min | Max| )Vitmax Vitmin| Vitmin | ViHAmin 
ee a 
10,12,14 11,13,15 


88 ar 

88 

44 41,13,15110,12,14 
1.0 


IEE LE 


IF BBRiee 
fete| els] a 
4.0 Vde 15 
jos | =| esl veel ie | ts 
Vdc 14 15 
BRB 
4.0 Vde 
| -1.69V | 


TEST VOL TAGE/CURRENT APPLIED TO PINS LISTED BELOW: 
{(Vec) 


Vit Amax] Vee [Vsc | Vss|'or1]!or2 Gnd 














Characteristic 


Power Supply Drain 


Negative 
Positive Output Low 
Output High 


Input Current linH 
i. 
13 
14 
: 15 


Input Leakage Current lcBo 11 
13 
15 
Logic ‘'1’’ Output Voltage OH 2 
2 
Logic ‘‘0’’ Output Voltage OL 2 
2 
Logic ’’ 1’, Threshold Voltage VOHA maT 
2 
2 




































Logic 0" Threshold Voltage VOLA 


om Oo 
pares 
Nw 


Vde 
Vde 
Le SE 


-1,29V | -1.69V 
ns 14 11,13 
14 
15 
15 
1 


vase ae 


Output Short-Circuit Current 2 


Switching Times 


Pulse Out |-5.2V 












1542+ 


(350 pF Load) t15-2- 
Propagation Delay t144+2- 
14-24 








Rise Time 
(10% to 90%) 


py 


= 
> 


(10% to 90%) 
Supply Source Current 
(@ 5.0 MHz) 

(350 pF Load) 







7 = = oO 


nN 
| *|=———*|: 





#See test circuit. 


(penuluod) 77 LOLOIN 


MC10177 (continued) 


SWITCHING TIME TEST CIRCUIT 


“Vee =Gnd = Vgg = +6.0 Vde 


Pulse Vint (0) 
Generators 
Vin- ©) 


Input Pulse 
tt =t-=2.0+0.2ns 
(20% to 80%) 


PRE = 5.0 MHz 
Duty Cycle = 50% 


§0-ohm termination to ground !o- 
cated in each scope channel input, 
and 50-ohm termination to ground 
on each unmonitored input. 


All input and output cables to the 

scope are equal lengths of 50-ohm 

coaxial cable. Wire jength should 

be <(1/4 inch from TPjp to input Veg = -5.2 Vde 
pin and TPoyt to output pin. 


SWITCHING WAVEFORMS @ 25°C 


Switching times are measured after the device under test 
reaches a stabilized temperature (air flow > 500 Ifpm) 


, cat 0.890 V 
! 5.0% 
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QUAD MOS CLOCK DRIVER 





MC75365 


Specifications and Applications 


Information 
QUAD MOS CLOCK DRIVER 


SILICON MONOLITHIC 
QUAD MOS CLOCK DRIVER INTEGRATED CIRCUITS 


OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 


The MC75365 is intended for driving the highly capacitive Ad- 
dress, Control and Timing inputs on a variety of MOS RAMs such as 
the “1103” and ‘‘7001” types. It is designed to operate from the 
MTTL 5.0 V power supply and the Vss and Vgp power supplies 
used with the memories in most applications. Operation is re- 
commended at Vcc3 ~ Vcc2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. Vcc2 may be tied directly to 
Vcc3 in many conditions. 


@ Pin Compatible with Intel 3207 and Interchangeable with T. I. 
SN75365 


MTTL and MDTL Compatible, Diode-Clamped Inputs 
Two Common Enable Inputs pér Gate Pair 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


Low Standby Power Consumption Transient 
Capable of Driving High Capacitive Loads 


Fast Switching Operation PIN CONNECTIONS 


Vec1 


TYPICAL APPLICATION Output D 


with “7001” Type 1K RAM 
Input D 


TRB Input 2AB input 3CD 
Input 3AB Input 2CD 
Input 1B Input 1C 


Output B Output C 


Gnd Vec3 


"7001" Type 
Select NMOS 
O 
Inputs 7 RAM 


M7001 
ieaiecs TRUTH TABLE 





Where: 
H = High Logic State 
L = Low Logic State 
| = 1= Irrelevant 
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MC75365 (continued) 


TYPICAL APPLICATION 
with “1103” Type 7K RAM 


195 V 16V 


Vec10 0 9Vcc2 
Data In 


O © 
O O 
O O 


"4103" Type |_p __o_| 
MTTL aveane yp Mert 
inputs Chip Enable Roti el nputs 
© © 





MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltages -0.5 to 7.0 
-0.5 to 25 
Vcoc3 -0.5 to 30 


Input Voltage V\ 
Input Differential Voltage (see Note 1) 


Power Dissipation (Package Limitation) 


Ceramic Package @ Ta = 25°C 
Derate above T a = 25°C 6.6 
Plastic Package @ Ta = 25°C 
Derate above Ta = 25°C - 66 
Ceramic Package @'T¢ = 25°C 3.0 
Derate above Tc = 25°C 20 
Plastic Package @ Tc = 25°C 1.8 
Derate above Tc = 25°C 14 


O 
Cc 
% 





TA 

Junction Temperature 

_ Ceramic Package : ; * 175 
Plastic Package ; ' 150 

Storage Temperature Range : 


Note 1. This is the differential voltage between any two inputs to any single gate. j 






RECOMMENDED OPERATING CONDITIONS 
[Characteristic ————SS« Syma ‘Mm —*St _ [one] 
Power Supply Voltages Vcc1 4.75 5.0 _ Vv 

. Vec2 4.75 20 24 
Vcc3 Vcc2 24 28 


Difference between Vaca and Voc2 Vecsvecz [0 | 40 [fv 
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MC75365 (continued) 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Voc = 5.0 V, Voc? = 20 V, Vecg = 24V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) 


+ 


Characteristic - 
Input Voltage — High Logic State 
Input Voltage — Low Logic State 
Input Clamp Voltage 
(lig =-12 mA) 
Input Current — Maximum Input Voltage 
(Vin = 5.5 V) 
Input Current — High Logic State 
(Vy (1) = 2.4 V) 
(ViH (2) or ViH (3) = 2.4 V) 
Input Current — Low Logic State 
(Vi_ (1) = 0.4 V) 
(Vy (2) or Vai (3) = 0.4 V) 
Output Voltage — High Logic State : 
(Vcc3 = Vec2 + 3.0 V, Vit = 0.8 V, lon = -100 HA) 
(Vec3 = Vcc2 + 3.0 V, Vit = 0.8 V, IoH = -10.mA) 
(Voc3 = Vec2, VIL = 0.8 V, lox = -50 HA) 
(Vec3 = Voc2, VIL = 0.8 V, lon = -10 mA) 


Output Clamp Voltage Voc 
(Vit = OV, loc = 20 mA) 

Output Voltage — Low Logic State 
(Vin = 2.0 V, IoL = 10 mA) VOL! 
(15 V < Vcc3 < 28 V, Vin = 2.0 V, IoL = 40 mA) VoL2 


Power Supply Currents — Outputs High Logic State 
(Voeci = 5.25 V, Vec2 = 24 V, Vecg = 28 V, 'cC1(H) 
Vit = 9 V, 1H = 0 mA) “1 Iec2tH) 
1CC3(H) 
(Voc1 = 5.25 V, Vec2 = 24 V, Voc3 = 24 V ICC2(H) 
Vit = OV, lon = OmA) ICC3(H) 
Power Supply Currents — Output Low Logic State 
(Voc1 =§.25 V, Vec2 = 24 V, Vec3 = 28 V ; lec1(L) 
ViH = 5.0 V, lot = 0 mA) '!ec2(L) 
'Cc3(L) 


Ny 
o 


3 
> 


> 


Vec2 +15 


ob 
3 


-3.2/+0.25 
3.5 
0.25 
0.5 


3 
> 


Power Supply Currents — Standby Condition 
(Vec1 = 9 V, Voc2 = 24 V, Vecg = 24 V Iec2(s) 
ViH = 5.0V, lo_ = OmA) 1¢c3(s) 


: = 


sf 

ou 
3 3 
> 





*Typical Values at 25°C, Vccy = 5.0 V, Vec2 = 20 V and Vcc3 = 24 V 


SWITCHING CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vccy = 5.0 V, Vec2 = 20 V, Vec3 = 24 V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) ; 


vp 


Characteristic 


Propagation Delay Time, Low to High State Output tPLH 
Propagation Delay Time, High to Low State Output tPHL 


Delay Time, Low to High State Output toLH 
Delay Time, High to Low State Output tDHL 
Transition Time, Low to High State Output tTLH 
Transition Time, High to Low State Output TTHL 


L 
fee] 





















po 
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MC75365 (continued) 


FIGURE 1 — SWITCHING CHARACTERISTIC TEST CIRCUIT FIGURE 2 — SWITCHING CHARACTERISTICS WAVEFORMS 


To Scope 


To Scope ayy (Output) 
(Input) 


1/4MC75365 


(Includes Probe 
Pulse 200 pF 7 and Jig 
Generator : = Capacitance) 





Input Pulse Characteristics: 
PRR = 1.0 MHz, PW = 500 ns, tri =tTHL < 10 ns 





TYPICAL PERFORMANCE CURVES 
















































































































































































FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT versus OUTPUT CURRENT 
‘ CTT | Ln is 
~  Vec2-0.5V aim Voce -0.5 V 
: ih) : 
x ao ae —; 
di @ Vcec2 -1.0 V li oe 7 aw Vec2 -1.0V 
2 
23 ae 
5 = Vee2-1.5V == vec2-1.5V 
ow sw 
> — 
5b Vec2-2.0V a 2.0V 
= 3 CC2 - 58 Vec2 -2: 
a6 53 
= VCC2-2.5V OS Vee2 -2.5V 
i=) =x 
> oO 
Vee2 -3.0 VF vec3= 24 V > Vec2 -3.0 VF Vec2 = Vo 
Vec2 -3.5 V { Vec2 -3.5 V 
-0.01 “0.1 -1.0 ~ #10 -100 0.01 “0.1 
1QH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) lox, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 
FIGURE 5 — OUTPUT VOLTAG E= LOW LOGIC STATE FIGURE 6 — TOTAL POWER DISSIPATION versus FREQUENCY 
versus OUTPUT CURRENT {All Four Drivers) 


0.5 








T 
Vec1=5.0V 
Vec2=20V 
04 Vcec3=24V 
































aoe 





VoL, OUTPUT VOLTAGE — LOW 
LOGIC STATE (VOLTS) 





Hill Vec3=24V Ta = 25°C 
50% Duty Cycle 0-3.0 V Input Pulse 








aa | 
J 
== : 
aa il Voc125.0V Vcec2=20V 
0 


5 1.0 2.0 5.0 10 
lop, QUTPUT CURRENT — LOW LOGIC STATE (mA) f, FREQUENCY (MHz) 
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tPLH, PROPAGATION DELAY TIME 


tPLH. PROPAGATION DELAY TIME — LOW 


MC 75365 (continued) 


LOW TO HIGH STATE OUTPUT (ns) 


TO HIGH STATE OUTPUT (ns) 





TYPICAL PERFORMANCE CURVES 


FIGURE 7 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus AMBIENT TEMPERATURE 














tPLH, PROPAGATION DELAY TIME 
LOW TO HIGH STATE OUTPUT (ns) 


Vcec1=5.0V Vec2=20V 
T Vee3=24V7 «Rp = 242 











0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus Vcc 2 SUPPLY VOLTAGE 

















I 
Vee1=5.0V Ta=25°C 
Vcoc3= Vcc2+4.0V 
RD = 2482 











4.0 8.0 12 16 20 24 
Vec2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 — PROPAGATION DELAY TIME — 
LOW TO HIGH LOGIC STATE 
versus LOAD CAPACITANCE 





























Ta = 259C 























0 100 - 200 300 400 
CL, LOAD CAPACITANCE (pF) 


tPLH, PROPAGATION DELAY TIME HIGH 
TO LOW STATE OUTPUT (ns) 


tPHL, PROPAGATION DELAY TIME — 
HIGH TQ LOW STATE OUTPUT (ns) 
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FIGURE 8 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus AMBIENT TEMPERATURE 














tPHL, PROPAGATION DELAY TIME 
HIGH TO LOW STATE OUTPUT (ns) 


| 
Voc1=50V Vcec2=20V 
Vcec3 = 24V— 








0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — PROPAGATION DELAY TIME — 
* HIGH TO LOW STATE OUTPUT 
versus Vcc2 SUPPLY VOLTAGE 














Vcec1 =5.0V | 


T Vec3= Vec2 + 4.0 V 
Rp = 2482 


Ta = 259C 


+ ae 















+ 




















0 8.0 12 16 20 24 
Vcec2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus LOAD CAPACITANCE 
































Vcoc1=5.0V 
Vcoc2=20V Ta = 25°C 
Vec3=24V 
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MC75365 (continued) 


APPLICATIONS SUGGESTIONS 


POWER CONSIDERATIONS 
Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 
TJy= TA + Pp (Rauc + Raca) (1) 
or 
Ty = Ta + Pp (Resa) (2) 
where 
TJ = junction temperature 
Ta = ambient temperature 
Pp = power dissipation. 


R§@JC = thermal resistance, junction to case 

R@CA = thermal resistance, case to ambient 

R@JA = thermal resistance, junction to ambient. 
Power Dissipation for the MC75365 MOS Clock Driver: 
The. power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 


- eration, capacitive loading, output voltage swing, and 


duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, Ty, greater than Ty(max) at the maximum 
encountered ambient temperature. Ty(max) is speci- 
fied for two integrated circuit packages in the maximum 
ratings section of this data sheet. 

With. these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given. in Table 1 shown on 
the following page. , 
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MC 75365 (continued) 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “L” AND “P” PACKAGES 





Rg ga (°C/W) Resc (Pc/w) 
Still Air Still Air 


| max | typ | Max | TyP_| 


100 50 27 
100 70 40 

If the power dissipation determined by a given system 

produces a junction temperature in excess of the recom- 

mended maximum rating for a given package type, some- 

thing must be done to reduce the junction temperature. 


PACKAGE TYPE 
(Mounted in Socket) 


“L” (Ceramic Package) 
“P" (Plastic Package) 





There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First,. the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the R@ca term can be reduced. Lowering the Rg@ca 
term can be accomplished by increasing the surface 
area of the package with the addition of a heat sink or by 
blowing air across the package to promote improved 
heat dissipation. 


Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 13. 


FIGURE 13 — THERMALLOY* HEAT SINKS 





*Manufactured by Thermalloy Co. of Texas. 


From Table 1, Rasa(max) for the ceramic package 

with no heat sink and in a still air environment is 
150°C/W. 
For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
Rgca for natural convection from Figure 14 is 44°C/W. 
From Table 1 Rajc(max) = 50°C/W for the ceramic 
package. Therefore, the new Rgja(max) with the 
6012B heat sink added becomes: 

Ra ga(max) = 50°C/W + 44°C/W = 94°C /W. 

Thus the addition of the heat sink has reduced Rg@ja 
(max) from 150°C/W down to 94°C/W. With the heat 
sink, the maximum power dissipation by equation (2) 
at Ta = +70°C is: 

175°C — 70°C 


+94°C/W 


Pp = 1.11 watts. 
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CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 


This gives approximately a 60% increase in maximum 
power dissipation over the power dissipation which is 
allowable with no heat sink. 


FIGURE 14 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 











THERMALLOY #60128 DIP HEAT SINK OR EQUIV 
4 + 





THERMALLOY #6007A 
DIP HEAT SINK OR EQUIV 
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Pp, POWER DISSIPATED (WATTS) 


Forced Air Considerations: 


As illustrated in Figure 15, forced air can be employed to 
reduce the Roja term. Note, however, that this curve is 
expressed in terms of typical Rg ja rather than maximum 
Raja. Maximum R@ya can be determined in the fol- 
lowing manner: 
From Table 1 the following information is known: 
(a) Reya(typ) = 100°C/w 
(b) Reycltyp) = 27°C/w 
Since: 
ReJA = Rasc + RaCA (3) 
Then: 
RECA = R@JA~ RasC (4) 
Therefore, in still air 
Recaltyp) = 100°C/W - 279C/W = 73°C/W 
From Curve 1 of Figure 14 at 500 LFPM and eq- 
uation (4), 
Recal(typ) = 53°C/W - 27°C/W = 26°C/W. 
Thus Reca(typ) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 
R@ca by a ratio of 1:2.8. Since the typical value of 
R@CA was reduced by aratio of 1:2.8, Rgca(max) of 
100°C/W should also decrease by a ratio of 1:2.8. 
This yields an R@ca(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (3): 
Raga(max) = 50°C/W + 36°C/W = 86°CW. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (2): 


175°C — 70°C 
86°C/W 


Pp = = 1.2 watts. 


m 


Raja, THERMAL RESISTANCE JUNCTION 
TO AMBIENT (°C/AVATT) 


C 75365 (continued) 


FIGURE 15 — TYPICAL THERMAL RESISTANCE (Roya) OF. 
“L” PACKAGE versus AIR VELOCITY 
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Heat Sink and Forced Air Combined: 


_ Some heat sink manufacturers provide data and curves of 


RecA, THERMAL RESISTANCE CASE TO AMBIENT 


R6ca for still air and forced air such as illustrated in 
Figure 16. For example the 6012B heat sink has an 
Reca = 17°C/W at 500 LFPM as noted in Figure 15. 
From equation (3): 

Max R@ja = 50°C/W + 17°C/W = 67°C/W 
From equation (2) at Ta = +70°C 


175°C — 70°C 


Pp = 1.57 watts. 
2 67°C/W 


FIGURE 16.— THERMAL RESISTANCE Roca 
; ’ versus AIR VELOCITY 
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Note from Table 1 and Figure 15 that if the 16-pin 
ceramic package is mounted directly to the PC board 
(2 02. cu. underneath), that typical Rg ya is considerably 
less than:for socket mount with still air and no heat sink. 
The following procedure can be employed to determine 
the maximum power dissipation for this condition. 


1600 
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Given data from Table 1: 

typical Raya = 100°C/W 

typical Ra jc = 27°C/W 
From Curve 2 of Figure 15, Raja(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical Rca is 
75°C/W — 27°C/W = 48°CW. From Table 1 the typical 
value of Rgca for socket mount is 100°C/W — 27°C/W 
= 73°CWW. This shows that the PC board mount results 
in a decrease in typical R@ca by a ratio of 1:1.5 below 
the typical value of R@ca ina socket mount. Therefore, 
the maximum value of socket mount Rac, of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum Rgca be- 
comes: 


100°C/W 


R@CA = 66°C/W for PC board mount 


Therefore the maximum Rg@ja for a PC mount is from 
equation (3). 

R@JA = 50°C/W + 66°C/W = 116°C/W. 
With maximum Rg ja known, the maximum power dis- 
sipation can be found. If Ta = 70°C then from 
equation (2) the maximum power dissipation may be 
found to be 905 mW. 


In most cases, heat sink manufacturer’s publish only 
R@CcA socket mount data. Although data for PC 
mounting is generally not available, this‘ should present 
no problem. Note in Figure 15 that an air flow greater 
than 250 LFPM yields a socket mount Rg ja approxi- 
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted 
that thermal resistance measurements can vary widely. 
These measurement variations are due to the dependency 
of Rg@ca of the type environment and measurement 
techniques employed. For example, R@ca would be 
greater for an integrated circuit mounted on a PC board 
with little or no ground plane versus one with a sub- 
stantial ground plane. Therefore, if the maximum cal- 
culated junction temperature is on the border line of 
being too high fora given system application, then 
thermal resistance measurements should be done on the 


_system to be absolutely certain that the maximum 


junction temperature is not exceeded. 














MC75368 
MC75358 


Specifications and Applications 
Information 





DUAL MECL-to-MOS DRIVERS 


The MC75368 and MC75358 are dual MECL-to-MOS driver and 
interface circuits. The devices accept standard MECL 10,000 and 
IBM grounded-reference ECL input signals and create high-current 
and high-voltage output levels suitable for driving MOS circuits. 
Specifically, they may be used to drive address, control, and timing 
inputs for several types of MOS RAMs including high-speed MCM7001 
1K NMOS RAM. The devices may also be used as MECL-to-MTTL 
translators. 

These two devices differ in that the MC75368 is optimized for 
higher voltage capability and the MC75358 version is made to op- 
erate at somewhat reduced maximum voltages. 


@ Dual MECL-to-MOS Driver 
e@ Dual MECL-to-MTTL Driver 


@ Versatile Interface Circuit for Use Between MECL and High- 
Current, High-Voltage Systems 


FIGURE 1 — TYPICAL APPLICATION WITH MCM7001 1K NMOS RAM 
(See Figure 8 and 9 for details) 


Output Enable 


rom2z oa 


Enable 


QO792O0r oooo- 


Data Input 
Chip Select 


Chip Sefect 


*MC3461 Dual Sense Amplifier 
to be announced 1st Quarter 1975. 
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DUAL MECL-to-MOS DRIVERS 











DUAL MECL-to-MOS 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646° 


FUNCTION TABLE 


Input Voltage Conditions 
Differential Logic Level | Output 
“Y¥ 
L 


(More positive of : 
A or B) -C 


(-150 mV € Vip < Indeter- 
150 mv) - minate 
(Vip <-150 mv) oH | 


H = high logic ievel, L = low logic level, 
X = irrelevant 


MC75368,MC 75358 (continued) 


MAXIMUM RATINGS (Unless otherwise noted, voltages measured with respect to GND terminals, Ta = 25°C.). 
Power Supply Voltages -0.5 to 7.0 


MC75368 -0.5 to 30 


MC75368 -0.5 to 22 
MC75358 -0.5 to 18 


Vd 
Vd 
: Vd 
Vi 
Vi 
Vv 
Vi 
Vv 


MC75358 -0.5 to 24 


-8.0 to 0.5 


Most Negative of Vcc1, Vcc2, or Voc3 with 


VJ 
: A ic 
‘ ) ic 
A ic 
a 
U ‘dc 
respect to Veg 
ee eee ee 
ee | ee ee eae 
i eee eer see 
Power Dissipation (Package Limitation) 


Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 


Plastic Package @ Tp = 25°C 
Derate above Ta = 25°C 


Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


shales ploy deetllal EAC ae 


(1) With respect to any pair of inputs to either of the input gates. 





RECOMMENDED OPERATING CONDITIONS j 


Power Supply Voltages 


DEFINITION OF INPUT LOGIC LEVELS 


Input Voltage — High Logic State (Any Input) (1) 
Input Voltage — Low Logic State (Any Input) (1 Vv 


Input Differential Voltage — High Logic State 
nput Differential Voltage — Low Logic State 





(1) The definition of these Logic Levels use Algebraic System of notation. 


(2) The input differential voltage is measured from the more positive inverting input (A or B) with respect to the non-inverting 
input (C) of the same gate. 
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MC75368,MC75358 (continued) 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, specifications apply over recommended power supply and temperature 
ranges. Typical values measured at Vcc = 5.0 V, Veg = -5.2 V, Ta = 25°C and Veco = 20, 
Vcc3 = 24 V for MC75368 and Vcc? = 16, Vcc3 = 20 V for MC75358. 


ee 
Characteristic | Typ | 


Output Voltage — High Logic State 

(Vcec3 = Vcc2 + 3.0 V, VipL = 
-150 mV, lox = -100 HA) 

(Vec3 = Vec2 + 3.0 V, VibL = 
-150 mV, IQH = -10 mA) 

(Vec3 = Vec2. VIDE = -150 mv, 
1OH = -50 HA) : 

(Vce3 = Vec2. Vip = -150 mv 
loH = -10 mA) 

Output Voltage — Low Logic State 
(VipH = 150 mV, loz = 10 mA) 
(ViDH = 150 mV, Io = 30 mA) 

10 V < Vcoc3 < 22 V 
10V<V <28V 


Output Clamp Voltage : Voc 
(VipH = 500 mV, Ioc = 20 mA) 


Input Current — High Logic State 

(Veg =-5.72 V, Vip =-5.72 V, 
Vin =-0.7 V) 

Input Current — Low Logic State 
(Vin = -0.7 V, Vit =-2.0 V) 
(Veg =-5.72 V, Ving = -0.7 V, 

Vit =-5.72 V) 

Power Supply Current — Both Outputs 
High Logic State 
(Voc = 5.25 V, Veg =-5.72 V, 

VIL(A) and (B) = -2.0 V, 

ViH(C) = -0.7 V, IOH = 0} 

MC75368 — Vcc? = 22 V, 
Vcec3 = 26 V 

MC75358 — Vcc2 = 18 V, 
Voc3 = 22 V 


Power Supply Current — Both Outputs 
Low Logic State 
(Voc1 = 5.25 V, Veg = -5.72 V, 
ViH(A) and (B) = -0.7 V, 
Vit(c) =-2.0 V, lo = 9) 
MC75368 — Voc2 = 22 V, 
Voec3 = 28 V 
MC75358 — Voc2 = 18 V, 
Vcc3 = 22 V 


Power Supply Current — Both Outputs 
High Logic State . 
(Voc1 = 5.25 V, Veg = -5.72 V, 

ViL{A) and (B) = -2.0V, VIC) = 
-0.7 V, low = 0) ; ‘ 
MC75368 — Vcc = 22 V, 

Vec3 = 22 V : 
MC7S358 — Vcc2= 18 V 
Vcoc3 =18V 
Power Supply Current — Stand By 
Condition 
7 (Voc1 = 0 V, Veg =9V, ViIH(A) 

and (B) = -0.7 V, ViL(c) = 

-2.0 V, IoL = 0) 

MC75368 — Voc? = 22 V, 
Vcec3 = 22 V 

MC75358 — Vcc2 = 18 V, 
Vec3 = 18 V 


| von Vec2-9.3! Vec2- 0.1 


Vout 
VoH2 | Vec2- 1.2) Vcc2-0.9 


+ 


Vec2- 9.3 | Voc2- 9.1 
Vou3 | Voc2- 1-9) Vcc2- 90.7 


p | Max | | Max | 
- 


0.2 


300 


1CC1(H) 


'cc2(H) 


'CC3(H) 
1EE(H) 





'cc a(t) 
'oc2(L) 


Icc3(L) 
'EE(L) 


'CC2(H) 


Iec3(H) 


'cc2(s) 


Icc3(s) 
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MC75368,MC 75358 (continued) 


SWITCHING CHARACTERISTICS (Uniess otherwise noted, Vcc, = 5.0 V, VEE = -5.2 V, Ta = 25°C and Vcc? = 20 V for 
MC75368 and Vcc? = 16 V for MC75358) 










Delay. Time — Low to High Output Logic Level 
(Vocg = 24 V) 
(Voc3 = 20 V) 
(Voc3 = 16 V) 


Delay Time — High to Low Output Logic Level 
(Voc3 = 24 V) 
(Voc3 = 20 V) 
(Voc3 = 16 V) 
Transition Time, Low-to-High Output Logic Level 
(Vcc3 = 24 V) 
(Vec3 = 20 V) 
(Vec3 = 16 V) 
Transition Time, High-to-Low Output Logic Level 
(Vec3 = 24 V) 
(Vec3 = 20 V) 
(Voc3 = 16 V) 
Propagation Delay Time, Low-to-High Logic Level 
(Voc3 = 24 V) 
(Voc3 = 20 Vv) 
(Voc3 = 16 V) 
Propagation Delay Time, High-to-Low Logic Level 
(Voc3 = 24 V) 
(Vcec3 = 20 V) 
(Voec3 = 16 V) 









































" FIGURE 2 — SWITCHING TIMES TEST CIRCUIT 


To Scope 
(Input) -1.3V doy : To Scope (Output) 


° 
4 
MnAwaa NOES 






aonwuwarnoag 


390 pF 


/ (includes Probe 
and Jig 

= . _ - Capacitance) > 
hae Output 

The pulse generator has the (Vec3 = Vec2+ 4.0 V) | 

following characteristics: , : 20V 

PRR = 1 MHz. 2, © 50 2. 

Duty Cycle = 50% 
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MC75368,MC75358 (continued) 


APPLICATIONS INFORMATION 
MODES OF OPERATION 


FIGURE 4 — POSITIVE-NOR GATE 






INPUTS | OUTPUT 
CONFIGURATION 


H — High Level, L — Low Level, X — Irrelevant 
Veep — Reference Supply voltage for MECL 10,000. 





FIGURE 6 — NON-INVERTING GATE 


> 
Y=c 


FUNCTION TABLE 


INPUTS OU 
CONFIGURATION 
A and B at Veg Veep Veg L 
; Ves VeB 4 
A at Ves. Veep LL 
B connected low Vep LH : 
Bat Ves. L Veg Ll 
A connected low L Veg H 


The MC75368 and MC75358 are identical except that 
the MC75368 version has been selected for slightly higher 
voltage capability. The two devices are interchangeable in 
most applications. Both can operate over a wide range of 
Vcc2 and Vcc3 supply voltages. 

The need for four separate power supplies VCc1, VCC2, 
Vcc3 and VEE can be avoided in many cases by tying 
Vcc2 to Vcc3. However, performance advantages can be 
obtained by connecting either one or both VcC3 pins to an 
additional power supply of higher voltage than Vcc2. Both 
VcC3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter applications both Vcc2 and 
VCC3 are generally connected to a +5.0 V power source. 

By providing two out-of-phase (A and B) inputs and 
one in-phase (C) input, each gate can be used as positive 
NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000 Series reference supply voltage (Vgp) to 
the appropriate input as shown in Figures 4 thru 6. An 






PUT 











FIGURE 5 — DIFFERENTIAL MECL LINE RECEIVER 


C = A and/or B % 
c 
Y=C 


FUNCTION TABLE 


INPUTS 
CONFIGURATION 
A and B connected 
together 


A not used but 
connected low : 
B not used but 
connected low 





FIGURE 7 — USE OF DAMPING RESISTOR To REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 
CERTAIN MC75358 AND MC75368 APPLICATIONS 


MC75358 


i 

i 

t or 

! MC75368 
| 





| Mos 
System 
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aa | 
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a es a ed 


| 
| | 
1 | 
| ! 
1 I 
! ! 
1 1 
be ee | 


Note: Rp * 102 to 302 (optional) 


unused out-of-phase input should be tied low or connected 

to the other out-of-phase input of the same gate. The 
required Vgp voltage source may be obtained from 
MECL 10,000 Series devices such as the MC10115 line 

receiver, or by. connecting the output of a MECL 10,000 
gate, like the MC10102, to the respective out-of-phase 

inputs (as an example connect pins 4 and 5 to 2 of the - 
MC10102 to obtain a Vgp reference voltage). 

When driven differentially, the MC75368 and MC75358 
may be used as a differential MECL line receiver, without 
the need for the Vpp reference voltage. 

Undesirable output transient overshoot due to load or 
wiring inductance and the fast switching speeds of the 
MC75368 and MC75358 can be eliminated or reduced by 
adding a sma!! amount of series resistance. The value of this 
damping resistance is dependent on specific load character- 
istics and switching speed but typical values lie in the 
range of 10 to 30 ohms. This is illustrated in Figure 7. 
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MC75368,MC75358 (continued) 


FIGURE 8 — 32K x 2 MEMORY BOARD (MECL SYSTEM) 


Data Valid 
1/2MC10171 1/2 MC10171 


Address A10 
Address A11 
Write Enable 


1/2 MC75358 or 
1/3 MC10177, 





MCM7001, 
64 places DOogut 





1/2 MC 75358 
16 places 





Data 
Output 


Bay Enable 
Chip Select 
Address A12 
Address A13 





Address A14 





iz 
<p 


MCM7001, 
32 places 


1/2 MC3461* 
8 places 


Latch Enable 
Connect to all MCM7001's Connect to Connect to 
SO eee eee Cp Array (32K x 1) Bottom Array (32K x 1) 

1/2 MC75358 : 

or q 
1/3 MC10177, Data Inputs 
12 Places 

AO Al A2 A3 Aa A5 A6 A7 A8 AQ. DOjn Diin 


*To be announced ist Quarter 1975 


7-41 





MC75368,MC 75358 (continued) 


MC10161 


FIGURE 9 — 4K x 18 MEMORY BOARD (MECL.SYSTEM) 








Board Enabie At 


pe a T | | | 
sero Ll 
III III 
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See TT || | 


eI 
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‘VBB 
24 Places ——» 





1/2 MC75368 
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Se ek A eee we ese ee ee ee 
4 cof ee 
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WE1 (to top 36 devices) 


MCM7001, 72 Places 


1/2 MC3461, 18 Places 


WE2 (to Bottom 36 devices) 


MOS CLOCK DRIVER 





MMH0026 
MMH0026C 


Specifications and Applications 
Information 





DUAL MOS 


DUAL MOS CLOCK DRIVER CLOCK DRIVER 


... designed for high-speed driving of highly capacitive loads in a MONOLITHIC 

MOS system. SILICON INTEGRATED CIRCUIT 
Fast Transition Times — 20 ns with 1000 pF Load 
High Output Swing — 20 Volts 
High Output Current Drive — +1.5 Amperes - 
High Repetition Rate — 5.0 to 10 MHz Depending on Load G SUFFIX 
MTTL and MDTL Compatible Inputs Raa ea id 
Low Power Consumption when in MOS “0” State — 2.0 mW 
+5.0-Volt Operation for N-Channel MOS Compatibility 





FIGURE 1 — CIRCUIT SCHEMATIC 


(1/2 CIRCUIT SHOWN) OUTPUT A 


INPUTA 


(Top View) 


OUTPUT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MMHOO26C Only) 


INPUT A ae OUTPUT A. 
INPUT 8 [kD ouTPUT B 


(Top View) 


TYPICAL OPERATION L SUFFIX 
(Rg = 10 2, Cy = Cin = 1000 pF, f = 1.0 MHz, CERAMIC PACKAGE 
PW = 500 ns, Vcc = 0 V, Veg = -20 V) CASE 632 
TO-116 


Pinput [i 
Vec 
NC 
OUTPUT 8 
NC 
INPUT B 
NC 
NC 


5.0 VOLTS/DIV 





{Top View) 
100 ns/DIV 
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~MMH0026, MMH0026C (continued) 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


aaa eae 


Peak Output Current 


Power Dissipation and Thermat Characteristics 
Ta = +25°C 
Thermal Resistance, Junction to Air 
Te = 25°C 
Thermat Resistance, Junction to Case 
Junction Temperature 
Operating Temperature Range 
MMH0026 
MMHO0026C 


Storage Temperature Range -65 to +150]-65 to +150|-65 to +150 





ELECTRICAL CHARACTERISTICS (Vcc-VeE = 10 V to 20 V, Cy = 1000 pF, Ta = -55 to +125°C for MMHO026 and 0 to +85°C 
for MMHO026C for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


Logic ‘1°’ Level Input Current hy - mA 
Vin-VeE = 2.5 Vde, Vo = Veg + 1.0 Vde 
Logic ‘’0"’ Level [nput Voltage Vit VeE+06 | Veg +0.4 Vde 
Vo= Vcc -1.0. Vde 
Logic ‘‘0’’ Level Input Current Wie ~10 uA 
Vin-VeeE = 0 Vde, Vg = Vcc -1.0 Vde 
VOH 


Logic ‘‘0'’ Level Output Voltage ; Vde 
Veco = +5.0 Vde, Veg = -12 Vde, Vig = -11.6 Vde 4.0 4.3 - 
Vin-VEE = 0.4 Vde Vec-1.0 | Veco -0.7 - 


Characteristic 


Logic ‘'1"' Level Input Voltage 
Vo = Veg + 1.0 Vde 


Logic ‘'1'' Level Output Voltage 
Vcc = +5.0 Vde, Veg = -12 Vdc, Vin = -9.5 Vde 





Vin-VEE = 2.5 Vde 
“On” Supply Current 
Vec—VeEg = 20 Vde, Vinp—VeEE =.2.5 Vde 
“Off” Supply Current 
Voc-VEE = 20 Vdc, Vin-VEE= OV 





Vde 
-11.5 -11 
Vee t+O.5 | Veg + 1.0 
i i a 


SWITCHING CHARACTERISTICS (See Figure 2.) (Vcc-VeE = 10 V to 20 V, Cy = 1000 pF, Ta = -55 to +125°C for MMH0026 
and 0 to +85°C for MMHOO26C for min and max values; Ta = +25°C for all typical values uniess otherwise noted.) 


Propagation Time 
High to Low 
Low to High 

Transition Time (High to Low): 
Vec-VEE = 17 Vde, CL = 250 pF 
Vcc-VEE = 17 Vdc, Cy. = 500 pF 


Vcc VEE = 20 Vde, Cy = 1000 pF 
Transition Time (Low to High) 

Vec- VEE = 17 Vde, CL = 250 pF 

Vec~-VeE = 17 Vde, Cy = 500 pF 

Vcc—VEE = 20 Vdc, Cr = 1000 pF 
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MMH0026, MMHO02€C (continued) 


TEST CIRCUIT 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


Vin 2N2369A 


Or Equiv 


Vin = 5.0 Vde 

PREF = 1.0 MHz 
PW = 0.5 ys 

tTLH = tTHL <10 ns 


Pins not shown are not connected. 





TYPICAL APPLICATIONS 


: FIGURE 4 — DC-COUPLED RAM MEMORY ADDRESS 
FIGURE 3 ~ AC-COUPLED MOS CLOCK DRIVER OR PRECHARGE DRIVER (POS!TIVE-SUPPLY ONLY) 


To Address 

Lines On 

1103 Type = 
Memory System 
Or Equiv 


Two-Phase 
Clock to 
Shift Registers 


MTTL 
MC7400 
Series Gates 


MTTL 
MC7400 
Series Gates — 


Veg=—12V 


: Pins not shown are not connected. 
Pins not shown are not connected. 
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MMH0026, MMHO0026C (continued) 


lin, INPUT CURRENT (mA) 


PW, OUTPUT PULSE WIDTH (ns) 





tp, PROPAGATION DELAY TIME (ns) 


TYPICAL CHARACTERISTICS 
(Voc = + 20 V, Veg = 0 V, Ta = +25°C unless otherwise noted.) 














FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE FIGURE 6 — SUPPLY CURRENT versus TEMPERATURE 
9.0 
DUTY CYCLE = 20% 
f= 1MHz 
C, = 0 pF 
Ez 8.0 
i 
|] 
uu 
c 
c 
370 
> 
a 
& 
pa] 
@. 
3 6.0 

















: ‘ -75 -50 -25 0 +25 +50 +75 +100) +125 
Vin. INPUT VOLTAGE (V) T, TEMPERATURE (°C) 


FIGURE 7 — OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH FIGURE 8 — TRANSITION TIMES versus LOAD CAPACITANCE . 
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tT, TRANSITION TIME (ns) 


MMH0026, MMHO02€C (continued) 


TYPICAL CHARACTISTICS (continued) 
(Vec = + 20 V, Veg = 0 V, Ta = +25°C unless otherwise noted.) 


FIGURE 12 — PROPAGATION DELAY TIME versus 
FIGURE 11 — TRANSITION TIME versus TEMPERATURE TEMPERATURE FOR +5 VOLT DC-COUPLED 
FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) OPERATION (See Figure 4.) 


Voc = +4.5 V, f= 1 MHz, PW = 200 ns 


Vcc =+4.5 V, Veg =0V 
CL =510 pF, Cin = 510 pF, Rig = 1k2 


f = 1 MHz, PW = 206 ns, 
Cy = 510 pF, Cin = 510 pF, Rin = 1k 


tp, PROPAGATION DELAY TIME (ns) 
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versus Rip, (See Figure 4.) (See Figure 4.) 
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MMH0026, MMHO026C (continued) 


APPLICATIONS INFORMATION 


OPERATION OF THE MMH0026 


The simplified schematic diagram of MMHO026, shown 
in Figure 17, is useful in explaining the operation of the 
device. Figure 17 illustrates that as the input voltage level 
goes high, diode D1 provides an 0.7-volt ‘‘dead zone”’ 
thus ensuring that Q2 is turned “on” and Q4 is turned 
“off’’ before Q7 is turned “‘on’’. This prevents undesirable 
“current spiking’ from the power supply, which would 
occur if Q7 and Q4 were allowed to be “‘‘on’” simul- 
taneously for an instant of time. Diode D2 prevents 
“zenering” of O4 and provides an initial discharge path 
for the output capacitive load by way of Q2. 


As the input voltage level goes low, the stored charge in 
Q2 is used advantageously to keep Q2 ‘‘on” and 04 “off” 
until Q7 is “off. Again undesirable “current spiking’ is 
prevented. Due to the external capacitor, the input side 
of Cjn goes negative with respect to VEE causing Q9 to 
conduct momentarily thus assuring rapid turn “off” 
of Q7. 


FIGURE 17 — SIMPLIFIED SCHEMATIC DIAGRAM 
(Ref.: Figure 1) 
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The complete ‘circuit, Figure 1, basically creates Dar- 
lington devices of transistors Q7, Q4 and Q2 in the 
simplified circuit of Figure 17. Note in Figure 1 that 
when the input. goes negative with respect to VEE, diodes 
D7 through D10 turn ‘‘on”’ assuring faster turn “off” of 
transistars Q1, Q2, Q6 and Q7. Resistor R6 insures that 
the output will charge to within one VBE voltage drop 


of the Vcc supply. 


SYSTEM CONSIDERATIONS 


Overshoot: 


In most system applications the output waveform of the 
MMH0026 will ‘‘overshoot” to some degree. However, 
“overshoot” can be eliminated or reduced by placing a 
damping resistor in series with the output. The amount 
of resistance required is given by: Rs = 2,/ L/Cy where 
L is the inductance of the line and Cy, is the load capac- 
itance. In most cases a series of damping resistor in the 
range of 10-to-50 ohms will be sufficient. The damping 
resistor also affects the transition times of the outputs. 
The speed reduction is given by the formula: 

tTHL © tTLH = 2.2 Rs CL (Rs is the damping resistor). 


Crosstalk: 


‘The MMH0026 is sensitive to crosstalk when the output 


voltage level is high (VQ ~ Vcc). With the output in the 
high voltage level state, O3 and O4 are essentially turned 
“off'’.. Therefore, negative-going crosstalk will pull the 
output down until Q4 turns “on” sufficiently to pull the 
output back towards Vcc. This problem can be min- 
imized by placing a ‘‘bleeding” resistor from the output 
to ground. The “bleeding” resistor should be of suf- 
ficient size so that 4 conducts only a few milliamperes. 
Thus, when noise is coupled, Q4 is already ‘‘on’’ and the 
line is quickly clamped by Q4. Also note that in Figure 1 
D6 clamps the output one diode- -voltage ore above Vcc 
for positive-going crosstalk. 


Power Supply Decoupling: 

The decoupling of Vcc and VEE is essential in most 
systems. Sufficient capacitive decoupling is required to 
supply the peak surge currents during switching. At least 
a 0.1-4F to 1.0-F tow inductive capacitor should be 


- placed as close to each driver package as. the layout will 


permit. 


Input Driving: 


For those © applications requiring split power supplies 


(VEE < GND), -ac coupling, as illustrated in Figure 3, 


should. be employed. Selection.:of the input capacitor 


size is determined by the desired output ‘pulse width. 
Maximum performance is attained when the voltage at 


MMH0026, MMHO02€C (continued) 


APPLICATIONS INFORMATION (continued) 


the input of the MMHO0026 discharges to just above the 
device’s threshold voltage (about 1.5 V). Figure 7 shows 
optimum values for Cjp versus the desired output pulse 
width. The value for Cjp;, may be roughly predicted by: 
Cin = (2 x 1073) (PWo). (1) 
For an output pulse width of 500 ns, the optimum value 
for Cin is: 
Cin = (2 x 1073) (500 x 10-9) = 1000 pF. 
If single supply operation is required (VEE = GND), then 
de coupling as illustrated in Figure 4 can be employed. 
For maximum switching performance, a speed-up capac- 
itor should be employed with dc coupling. Figures 13 
and 14 show typical switching characteristics for various 
values of input resistance and capacitance. 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 
Ty= Ta + Pp (Bsc + 8ca) (2) 
or 
Ty= Ta + Po (6 ja) (3) 
where 
Ty = junction temperature 
Ta = ambient temperature 
PD = power dissipation 
8 Jc = thermal resistance, junction to case 
9CA = thermal resistance, case to ambient 
0 JA = thermal resistance, junction to ambient. 


Power Dissipation for the MMH0026 MOS Clock Driver: 
The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. This power dissipation,.when substituted into 
equation (3), should not yield a junction temperature, 
Ty, greater than Ty(max) at the maximum encountered 
ambient temperature. Ty(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 
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TABLE 1 — THERMAL CHARACTERISTICS 
OF “G”, “L" AND “P1” PACKAGES 


aya (°C) 
Still Air 


Oy (°C) 
Stili Air 


PACKAGE TYPE 
(Mounted in Socket) 





FIGURE 18 — MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 


PACKAGES SOCKET 
MOUNTED IN 
STILL AIR 


Pp, POWER DISSIPATION (WATTS) 





-25 0 
Ta, AMBIENT TEMPERATURE (°C) 


+25 +600 +75 


With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 18. If, however, the power 
dissipation determined by a given system produces a 
calculated junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 


There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the ca term can be reduced. Lowering the 6c, term can 
be accomplished by increasing the surface area of the 
package with the addition of a heat sink or by. blowing 
air across the package to promote improved heat 
dissipation. — 


+100 +125 +150 +175 
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APPLICATIONS INFORMATION (continued) 


The following examples illustrate the thermal consider- 
ations necessary to increase the power capability of the 
MMH0026. 


Assume that the ceramic package is to be used at a 
maximum ambient temperature (Ta) of +70°C. From 
Table 1: 6ya(max) = 150°C/watt, and from the max- 
imum rating section of the data sheet: T y(max) = +175°C. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0.7 watts. Note 
that this same value may be read from Figure 18. Also 
note that this power dissipation value is for the device 
mounted in a socket. 


Next, the maximum power consumed for a given system 
application must be determined. The power dissipation 
of the MOS clock driver is conveniently divided into 
dc and ac components. The dc power dissipation is 
given by: 


Pdc = (Vcc — VEE) x (IccL) x (Duty Cycle) (4) 
Vcc — VEE 
where | = 40 mA (—————— ). 
CCL ay 


Note that Figure 15 is a plot of equation (4) for three 
values of (VcC—VEE). For this example, suppose that 
the MOS clock driver is to be operated with Vcc = +16 V 
and Veg = GND and with a 50% duty cycle. From 
equation (4) or Figure 15, the dc power dissipation (per 
driver) may be found to be 256 mW. If both drivers 
within the package are used in an identical way, the total 
dc power is 512 mW. Since the maximum total! allowable 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 


Pac = 0.7 — 0.512 = 188 mW 
The ac power for each driver is given by: 
Pac = (Vcc — VEE)? x f x CL 
where f = frequency of operation 
Cy = load capacitance (including all strays and. 
wiring). 


(5) 


Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vcc = 16 V and Veg = GND. Under the above con- 
ditions, and with the aid of Figure 16, the safe operating 
area beneath Curve A of Figure 19 can be generated. 


Since both drivers have a maximum ac power dissi- 
pation of 188 mW, the maximum ac power per driver 
becomes 94 mW. A horizontal line intersecting all the 
capacitance load lines at the 94 mW level of Figure 16 
will yield the maximum frequency of operation for each 
of the capacitive loads at the specified power level. By 
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using the previous formulas and constants, a new safe 
operating area can be generated for any output voltage 
swing and.duty cycle desired. 


Note from Figure 19, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors: 


(a) decrease Ta 
(b) decrease the duty cycle 
(c) lower package thermal resistance OA. 


In most cases conditions (a) and {b) are fixed due to 
system requirements. This leaves only the thermal re- 
sistance 0 ya that can be varied. 


Note from equation (2) that the thermal resistance is 
comprised of two parts. One is the junction-to-case 
thermal resistance (@ jc) and the other is the case-to- 
ambient thermal resistance (@CcA). Since the factor jc 
is a function of the die size and type of bonding employed, 
it cannot be varied. However, the 9cA term can be 
changed as previously discussed, see Page 7. 


” FIGURE 19 — LOAD CAPACITANCE versus FREQUENCY 
FOR “L” PACKAGE ONLY 
(Both drivers used in identical way) 


A: SOCKET MOUNT 
NO HEAT SINK 
NO AIR FLOW 

C: SOCKET MOUNT D: 
THERMALLOY 60128 
HEAT SINK OR EQUIV 500 LFPM 

Eo, NOAIR FLOW AIR FLOW 
E: SOCKET MOUNT 
THERMALLOY 60128 
HEAT SINK OR EQUIV 
500 LFPM 
AIR FLOW 


8: PC 8OARD MOUNT 
NO HEAT SINK 
NO AIR FLOW 
SOCKET MOUNT 
NO HEAT SINK 


Ta =+70°C 


CL, LOAD CAPACITANCE PER DRIVER (pF) 


4.0 6.0 
f, SWITCHING FREQUENCY (MHz) 


Heat Sink Considerations: 

Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any !C package made. Some of 
these heat sinks are illustrated in Figure 20. In the 
previous example, with the ceramic package, no heat sink 


and in a still air environment, @ya(max) was 150°C/W. 


For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
8c for natural convection from Figure 21 is 44°C/W. 
From Table 1 @jc(max) = 50°C/W for the ceramic 





CASE TEMPERATURE RISE 
ABOVE-AMBIENT TEMPERATURE (°C) 
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APPLICATIONS INFORMATION (continued) 


FIGURE 20 — THERMALLOY* HEAT SINKS 


*Manufactured by: Thermalloy Co. of Texas. 


package. Therefore, the new @ja(max) with the 6012B 
heat sink added, becomes: 
6 ya (max) = 50°C/W + 44°C/W = 949C/W. 

Thus the addition of the heat sink has reduced 0 ja(max) 
from 150°C/W down to 94°C/W. With the heat sink, the 
maximum power dissipation by equation (3) at Ta = 
+70°C is: 

175°C — 70°C 

94°C/W 

This gives approximately a 58%. increase in maximum 
power dissipation. The safe operating area under Curve C 
of Figure 19 can now be generated as before with the aid 
of Figure 16 and equation (5). 


_ Pp= = 1.11 watts. 


FIGURE 21 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
: NATURAL CONVECTION 
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Forced Air Considerations: 
As illustrated in Figure 22, forced air can be employed to 
reduce the 0ya term: Note, however, that this curve is 
expressed in terms of typical 0 ja rather than maximum 
Oya. Maximum 6 ja.can be determined in the following 
manner: 
From Table 1 the following information is known: 
-(a) A yatyp) = 100°C/W 
(b) 9ycltyp) = 27°C/wW 

Since: i 

OjA=9jct+OCn (6) 
Then: 

9CA= 95a - 85C (7) 


Therefore, in still air 
8 ca(typ) = 100°C/W — 27°C/W = 73°C/W 

From Curve 1 of: Figure 22 at 500 LFPM and eq- 

uation (7), 

@cal(typ) = 53°C/W — 27°C/W = 26°C/W. 

Thus @caA(typ) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 0c,. 
by a ratio of 1:2.8. Since the typical value of 6CA was 
reduced by a ratio of 1:2.8, 9calmax) of 100°C/W 
should also decrease by a ratio of 1:2.8. ‘ 
This yields an 9Ca(max) at 500 LFPM:of 36°C/W. 
Therefore, from equation (6): 

6 JaA(max) = 50°C/W + 36°C/W = 86°C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta =.+70°C is from equation (3): 

175°C — 70°C 


P — = 1.2 watts. 
ae +86°C/W 








MMH0026, MMHO02€C (continued) 


APPLICATIONS INFORMATION (continued) 


FIGURE 22 — TYPICAL THERMAL RESISTANCE (@ ja) OF 
“L" PACKAGE versus AIR VELOCITY 
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As with the previous examples, the dc power at 50% duty 
cycle is subtracted from the maximum allowable device 
dissipation (Pp).to obtain a maximum Pac. The safe 
operating area under Curve D of Figure 19 can now be 
generated from Figure 16 and equation (5). 


Heat Sink and Forced Air Combined: 

Some heat sink manufacturers provide data and curves of 
6CcA for still air and forced air such as illustrated in 
Figure 23. For example the 6012B heat sink has an 
cA = 17°C/W at 500 LFPM as noted in Figure 23. 
From equation (6): 

Max Oya = 50°C/W + 179C/W = 67°C/W 
From equation (3) at Ta = +70°C 
175°C — 70°C 


Py = ——————_ 1.57 watts. 
DS 67°C /W 


FIGURE 23 — THERMAL RESISTANCE 6ca 
versus AIR VELOCITY 
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As before this yields a safe operating area under Curve E 
in Figure 19. 


Note from Table 1 and Figure 22 that if the 14-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical 0 JA is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 
safe operating area for this condition. 
Given data from Table 1: 

typical 0 ya = 100°C/W 

typical 6 yo = 27°C/W 
From Curve 2 of Figure 22, 0ya(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical @ca is . 
75°C/W — 27°C/W = 48°C/W. From Table 1 the typicat 
value of @¢,a for socket mount is 100°C/W — 27°C/W = 
73°C/W. This shows that the PC board mount results in 
a decrease in typical 9CA by a ratio of 1:1.5 below the 
typical value of 8c, in a socket mount. Therefore, the 
maximum value of socket mount @cA of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum 6CA becomes: 


100°C/W 
§CA= 7 os = 66°C/W for PC board mount 


Therefore the maximum 03a, for a PC mount is from 
equation (6). 

0 JA = 50°C/W + 66°C/W = 116°C/W. 
With maximum @ya known, the maximum power dis- 
sipation can be found and the safe operating area de- 
termined as before. See Curve B in Figure 19. 


CONCLUSION 


In most cases, heat sink manufacturer's publish only 
8CA socket mount data. Although @cA data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 22 that an air flow greater 
than 250 LFPM yields asocket mount 8 ya approximately 
6% greater than for a PC mount. Therefore, the socket 
mount data can be used for a PC mount with a. slightly 
greater safety factor. Also it should be noted that thermal 
resistance measurements can vary widely. These measure- 
ment variations are due to the dependency of 9c, on the - 
type environment and ‘measurement techniques em- 
ployed. For example, 9cA would be greater for an 
integrated circuit mounted on a PC board with little or 
no ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction 
temperature is on the border line of being too high for a 
given system application, then thermal resistance measure- 
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 
exceeded. 


GENERAL INFORMATION 


RANDOM ACCESS MEMORIES (RAM) 


READ ONLY MEMORIES (ROM) 


M6800 SYSTEM MEMORIES 


APPLICATION NOTES 


RELIABILITY INFORMATION 


MEMORY INTERFACE 


